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PREFACE, 


The  object  of  this  bulletin  is  to  describe  the  methods  b}"  which  the 
imumnit}'  unit  for  measuring  the  strength  of  diphtheria  antitoxin  is 
obtained,  and  the  principles  involved. 

The  unit  is  based  on  the  one  established  ])y  P]hrlich,  and  has  been 
made  by  comparison  with  the  normal  serum  sent  to  this  laboratory 
by  the  Kgl.  Pr.  Institut  fiir  experimentelle  Therapie,  Frankfurt  a. 
M.,  Germany. 

On  account  of  the  technical  difficulties  met  in  testing  the  strength 
of  diphtheria  antitoxin,  and  the  intricate  composition  of  the  diphtheria 
poison,  as  well  as  the  peculiar  chemical  relations  existing  between  the 
toxine  and  the  antitoxin,  it  has  been  uecessar\^  to  enter  into  the  many 
details  of  every  portion  of  the  process  in  order  that  those  who  use 
this  standard  may  do  so  under  the  same  conditions.  Otherwise  com- 
parable results  would  not  be  obtained. 

In  such  an  apparentl}^  simple  procedure  as  measuring  two  pieces  of 
metal,  as  is  done  in  duplicating  the  standard,  meter  and  yard,  the 
greatest  attention  to  man}'  details  must  be  observed.  It  can  there- 
fore be  well  understood  how  important  it  is,  in  comparing  a  standard 
based  upon  the  physiological  action  of  a  mixture  of  two  complicated 
organic  substances,  not  to  neglect  the  smallest  detail  that  would  insure 
accuracy. 

As  the  unit  made  in  the  H3^gienic  Laboratory,  U.  S.  Public  Health 
and  Marine-Hospital  Service,  is  the  legal  unit  for  this  country,  the 
methods  by  which  it  is  produced,  as  described  in  this  bulletin,  ma}'  be 
taken  as  official. 

All  standards  are  fundamentally  arbitrarj^  quantities.  If  all  the 
meter  bars  or  yardsticks  were  lost  it  would  be  difficult  if  not  impos- 
sible to  produce  others  having  the  exact  lengths  of  the  originals,  which 
are  therefore  guarded  against  harm  under  conditions  of  uniform 
temperature,  etc.,  to  prevent  changes  in  length. 

The  antidiphtheritic  serum  that  has  been  carefully  standardized  and 
is  used  as  the  unit  of  strength  for  the  measurement  of  diphtheria 
antitoxin  is  similarly  kept  inider  strict  conditions  of  light,  heat,  mois- 
ture, etc.,  in  the  Hygienic  Laboratory,   U.   S.   Public  Health  and 
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Marine-Hospital  Service.  From  time  to  time  duplicates  of  this  serum 
will  be  made  to  guard  against  deterioration  or  accident  to  the  oiiginal. 

This  standard  serum  is  preserved  in  small  tubes.  Every  two  months 
one  of  these  tubes  is  opened,  tested,  and  distributed  to  the  licensed 
manufacturers  and  others  who  are  working  in  this  line. 

The  particular  object  of  this  standard  is  to  insure  the  strength  of 
antidiphtheritic  serum  sold  in  the  United  States  by  licensed  manu- 
facturers. 

In  accordance  with  the  act  of  Congress  approved  rJuly  1,  VM'A,  no 
one  is  allowed  to  engage  in  interstate  traffic  in  antitoxin  without  a 
license  issued  ])y  tiie  Secretary  of  the  Treasury  on  reconnnendation  of 
the  Surgeon-General  of  the  Public  Health  and  Marine-Hospital  Serv- 
ice. This  license  is  issued  only  after  a  careful  inspection  of  the  estab- 
lishment, its  metliods  of  manufacture,  and  an  examination  of  its  prod- 
ucts for  purity  and  potency  at  the  hygienic  laboratory  of  this  Service. 

The  strength  of  diphtheria  antitoxin  is  expressed  in  units.  As  the 
question  has  often  been  asked,  What  is  the  unit  for  this  country?  it 
became  the  dut}"  of  the  Public  Health  and  Marine-Hospital  Service 
to  establish  and  maintain  a  standard  of  measurement  in  order  to  ])ring 
about  uniformity  among  American  manufacturers.  There  is  also  the 
advantage  of  guaranteeing  to  pl\ysicians  and  patients  using  this  won- 
derful specific  remedy  for  diphtheria  the  fact  that  they  are  employing 
a  remed}'  of  sufficient  strength  to  protect  or  cure.  Weak  serums 
have  been  shown  to  be  practically  useless. 

The  very  unfavorable  results  obtained  in  England  in  1S95  in  the 
handling  of  diphtheria  with  serum  were  due,  accordnig  to  the  report 
of  the  Lancet  Commission  (Lancet,  July  19,  1890),  in  a  great  majority 
of  cases  to  the  use  of  serums  too  weak  to  produce  therapeutic  results. 

Plxperimental  researches,  for  example,  the  very  careful  work  of 
Madsen,  in  Copenhagen,  1896,  showed  that  for  therapeutic  purposes 
weak  serum  is  of  ver^^  little  value. 

The  fact  n<>ed  not  be  empliasized,  as  Ehrlich  pointed  out  long  ago, 
that  for  the  whole  question  of  the  cure  and  proph3laxis  of  dipththeria 
by  a  serum  therapj'^,  as  well  as  for  the  purposes  of  scientific  investiga- 
tion, it  is  important  to  use  an  antitoxin  whose  value  has  been  definitely 
ascertained. 
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THE    IMMUNITY  UNIT  FOR  STANDARDIZING 
DIPHTHERIA  ANTITOXIN. 

[Based  on  Ehrlich's  normal  senim.    Official  standard  prepared  under  the  act  approved  July  1,  1902.] 


By  Milton  J.  Rosenau, 

Pnssed  Axaistant  Surgeon,  Director  Hygienic  Lahmatonj,  Public  ITeallh  and  Marine- 
Hospital  Senice. 


EHRLICH'S  SIDE-CHAIN  THEORY  OF  IMMUNITY. 

Ehrlich's"  side-chain  theoi\y  is  a  brilliant  chemical  conception,  giv- 
ing the  only  satisfactory  explanation  of  many  of  the  phenomena  con- 
cerned in  immunit3\  In  one  sense  it  has  been  likened  to  Weigert's 
teachings  of  inflammation  and  the  process  of  repair  in  so  far  that  cog- 
nizance is  taken  of  nature's  prodigality.  For  instance,  a  much  larger 
amount  of  material  is  thrown  out  than  necessarj"  to  repair  a  wound. 
So,  too,  in  antitoxic  immunity  a  nnich  larger  amount  of  antitoxin  is 
produced  than  necessary  to  neutralize  the  toxine. 

In  Ehrlich's  conception  the  fundamental  processes  of  immunity 
reside  in  the  cells  of  the  bod}".  These  cells  are  attacked  by  the  poison 
and  if  not  destroyed  are  stimulated  into  the  overproduction  of  "anti- 
bodies" capable  of  combining  with  and  neutralizing  the  poison. 

Just  what  cells  of  the  body  play  the  most  important  role  in  the 
production  of  immunity  is  not  exactly  clear.  It  may  be,  as  Ehrlich 
supposes,  that  this  power  resides  in  any  organ  or  tissue. 

In  Metchnikoflf 's  *  theory  of  phagocytosis  the  free  ameboid  cells  of 
the  body  play  the  all-important  role.  It  is  the  macrophages  and 
microphages  seeking  food  that  engulf  and  destro}'  the  bacteria.  In 
the  process  of  digesting  the  bacteria  the  cell  secretes  the  enzymelike 
substance  which  has  the  power  of  neutralizing  the  bacterial  poisons. 

It  is  surprising  that  the  nutrition  and  mct^ibolism  of  the  cell  lie  at 
the  foundation  of  two  such  divergent  theories  as  Metchnikoff's  and 
Ehrlich's. 

« Ehrlich:  Die  wertl)emesi?nng  des  diphtheriehoilserums  iind  deren  theoretipche 
jjnindlagen.     Klin,  jahrb.,  Jena,  v.  6  (2),  1897,  pp.  299-826. 
Ueber  die  constitution  de.s  diphtheriegiftes.     Deut.  med.  woch.,  Leipzig,  v. 

24  (38),  L898,  pp.  597-600. 

Croonian  lecture.     On  immunity  with  special  reference  to  cell  life.     Proc. 


roy.  soc,  London,  v.  66,  pp.  424— i4S,  pis.  6-7. 
^'Metchnikoff,  Elie:  L'immunite  dans  les  maladies  infectieuses.     Paris,  1901.     45 
figs.,  600  pp. 

(11) 
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According  to  the  former  it  is  the  physical  movements  of  the  ame- 
boid cell  searching  for  food  which,  by  a  process  known  as  phagocytosis, 
takes  the  bacteria  into  its  protoplasm,  forms  a  digestive  vacuole 
around  it,  and  then  excretes  the  enz^^melike  substances  (cytase")  use- 
ful in  protecting  the  organism  against  the  soluble  poison  of  the 
bacteria. 

According  to  Ehrlich  the  hungry  protoplasm  of  any  cell,  with  its 
complicated  molecule  having  side  chains  of  various  combining  affini- 
ties read}"  to  unite  with  suitable  food  molecules  brought  to  it  by  the 
blood  and  body  juices,  lies  at  the  foundation  of  his  explanation  of  the 
chemical  production  of  the  antitoxin.  It  is  strange  that  the  same 
combining  affinity  should  exist  between  the  protoplasm  of  the  cell  and 
the  proteid  molecules  that  furnish  it  food  as  between  the  cell  proto- 
plasm and  the  toxines*  of  the  bacterial  poisons. 

In  considering  Ehrlich's'"  side-chain  theory  it  is  necessar}'  to  disre- 
gard the  microscopic  structure  of  the  cell  and  to  think  of  the  proto- 
plasm as  consisting  of  living  molecules  of  extraordinary^  chemical 
complexity.  The  molecule  of  protoplasm  has  a  central  "nucleus" 
with  "side  chains,"  "lateral  chains,"  or  "bonds"  of  varying  combin- 
ing capacities.  These  "side  chains"  serve  to  bind  the  molecule  to 
other  molecules  having  proper  combining  affinities. 

This  arrangement  of  molecules  with  side  chains  is  a  well-known 
occurrence  in  organic  compounds.  The  benzol  ring  forms  one  of  the 
best  and  simplest  examples. 


H 

(OH) 

(OH) 

C 

C 

.  C 

/  \ 

/  \ 

/  \ 

HC        CH 

HC        CH 

HC        C  (OH) 

HC        CH  HC        C  (CH3)  HC        C  (OH) 

\  /  ■     \  /  S  / 

c  c  c 

H  H  H 

licnzol  C.He  Metacresol  CgH^  (CH3)  (OH)     Pyroorallic  aci.l  (\H,,  (0H)3 

"  Macro(yta.«t',  microcj'tase,  itliilorytasc. 

''I  have  made  a  diHtinctioii  in  this  hnllcliii  bet  ween  "toxin<>"  and  'Wo.r/H." 

Some  (•onfusion  ariat's  in  the  literatnre  f(jr  want  of  two  words  to  n-presont  two 
separate  snh,stan<'('s.  The  diplitlicria  poison  contained  in  tlie  toxic  i)rotli  wa.s  first 
called  "  toxine,''  nsnally  "toxin."  It  is  now  often  spoken  of  as  the  "(liphtheria 
poison."  This  (iltered  broth,  (•ontainin<j  a  number  of  ])oisonous  snl)stanoes,  I  liave 
called  the  toxine. 

I  have  restric'ted  the  name  "to.rln"  to  the  most  important  constituent  of  the 
toxine.  The  lo.cin,  an  will  be  found  later,  is  only  one  of  several  allied  i)oisons  found 
ill  the  toxine. 

'^I'ihrlich:  Die  wertbemessnnfi  des  dii)litlierielicilsernms  inid  dereii  thecjretische 
Kfundla^'en.     Klin,  jalirb.,  Jena,  v.  (5  (2),  ]8!»7,  I'p.  '2W-62ii. 
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Fi(i.  1«.*— The  cell  with  Its 
various  combining  groups 
or  side  chains,  known  as 
recejitors.  Various  toxines 
are  shown  having  specific 
affinity  for  the  proper 
shaped  receptors. 


By  replacino-  one  of  the  H  atoms  in  tlie  benzol  lino"  with  the  methyl 
radical  (CII.J  we  have  toluol;  ))y  replacing  one  of  the  H  atoms  with 
the  hydroxyl  group  (OH)  we  have  phenol;  by  substituting  two 
hydroxyl  groups  we  have  resorcin,  etc.;  three,  pyrogallic  acid,  etc.; 
by  substituting  one  hydrogcsn  atom  of  the  ring 
with  the  hydroxyl  radical  and  another  one  with 
tlu^  methyl  radical  we  have  the  crcsols. 

These  simple  illustrations  from  well  known 
organic  co)n})ounds  illusti'ate  the  central  mole- 
cular mass  of  atoms  with  its  side  chains  and 
combining  affinities,  to  which  the  molecide  of 
protoplasm  is  likened. 

In  appl3'ing  this  analogy  to  tiie  molecule  of 
protoplasm  the  name  "receptor''  is  given  these 
side  chains,  or  secondary  atomic  complexes  of 
the  molecular  group.  Contrary  to  the  simple 
analogies  above  given  each  molecule  of  proto- 
plasm has  many  different  kinds  of  receptors,  as 
«hown  by  the  schematic  diagram  in  fig.  la.  These  receptors  have  a 
specific  affinity  for  the  molecules  of  food,  and  also  combine  wnth  the 
toxic  molecules. 

The  to.rhi  molecule,  according  to  Ehrlich,  consists  of  two  important 
parts.  One  is  know^n  as  the  toxophore  groni),  the  other  as  the  hapto- 
phore  group. 

The  toxophore  group  of  the  toxin  is  that  portion  of  the  molecule 
which  exerts  a  poisonous  effect  upon  the  protoplasm  of  the  cell.     This 

group  is  less  stable  than  the  haptophore 
grou[). 

The  liaptophore  group  is  the  seizing  or 
combining  portion  of  the  toxin  molecule 
{anrcsi.,  to  seize  or  attack).  The  hapto- 
phore group  of  the  toxins  have  specific 
combining  affinities  for  the  receptors  of 
certain  cells,  which  in  part  explains  the 

Fig.  16.— The  toxin  molecule;   showing      sel(H;tive  action  of  these  poisOUS. 

Toxines,  such  as  di[)litheria  toxine, 
gradually  diminish  in  toxicity,  but  retain 
the  same  power  of  chemical  combination  with  thi;  antitoxin.  This 
phenomenon  is  explained  by  the  formation  of  toxoldx. 

Khrlich  inferred  the  presence  of  the  toxoid  from  the  following  sim- 
ple experiment:  He  had  a  toxine  which  recjuired  ().0(»8  c.  c.  to  kill  a 
guinea  pig.     After  nine   months  this   poison  weakened,   so   that   it 

*  Foot  Note. — Fig.  \a-i. — Diagrammatic  representation  of  Ehrlich's  side  chain  theory  of  immunity 
(Croonian  Lecture,  Proc.  Royal  Society  of  London,  vol.  Gd,  1900,  p.  437). 


No.p-foplioir'C. 


"Tox.ophorc 


the    haptophore   (combining)    group, 
and  the  to.xophore  (poison)  group. 
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Fig.  Ic— The  first  stage  of 
antitoxin  formation;  a 
toa'wi  molecule  ancliort'il 
to  a  receptor. 


required  three  times  as  much;  that  is,  0.009  c.  c.  to  kill  a  ouinca  pig. 
Nevertheless,  the  combining- power  of  the  toxiue  for  antitoxin  niniiined 
the  same.  ^ 

Toxoids  are  altered  toxins.  They  consist  of  the 
toxic  molecule  in  which  the  toxophore  group  has 
been  destroyed,  leaving-  only  the  haptophore  or 
combining-  group,  which  while  able  to  satisfy  the 
combining  affinities  of  the  antitoxin  is  no  longer 
able  to  poison  the  protoplasm  of  the  cell. 

The  diphtheria  bacillus,  during  the  process  of  its 
growth  and  nndtiplication  in  the  body  or  in  an 
artificial  culture  medium,  produces  several  poisons, 
one  of  which  is  known  as  the  diphtheria  toxin.  As  above  stated,  the 
diphtheria  toxin  consists  of  a  toxophore  and  haptophore  group.  In 
the  l)ody  the  latter  unites  chemically  with  the 
receptors  of  the  cells.  When  this  takes  place 
one  of  two  consequences  ma}^  result:  Either  (1) 
the  cell  is  so  severel}^  poisoned  that  it  dies,  or 
(2)  the  living  molecule  of  protoplasm  is  stimu- 
lated so  as  to  excite  a  defensive  action  by  the 
reproduction  of  the  receptors.  Continued  stim- 
ulation produced  by  the  periodical  injection  of 
toxine  residts  in  an  over  production  of  recep- 
tors which  finall}'  loosen  and  float  free  in  the 
blood  serum  and  bod}-  juices. 

Antitoxin  consists  of  these  free  receptors 
floating  in  the  ))lood  serum.  If  now  we  introduce  a  liquid  containing 
the  toxin  into  the  blood,  it  is  immediately  neutralized  by  combin- 
ing with  the  free  receptors  through  its  hapto- 
phore group.  All  the  combining  affinities  of 
the  toxi7i  are  thus  satisfied  or  saturated,  so  that 
the  toxiv,  is  no  longer  able  to  unite  with  the 
receptors  still  attached  to  the  cell,  and  this 
poison  is  thus  rendered  harmless. 

It  is  of  the  greatest  practical  importance  to 
know  from  what  organs  or  tissues  the  receptors 
derive  their  origin. 

It  is  by  no  means  a  necessary  corollary  of 
the  side  chain  theory,  as  is  often  supposed, 
that  the  i-eceptors  are  found  only  in  those  organs  ii|)on  which  the 
poisonous  cfl'ects  of  a  toxine  are  particularly  manifested.  On  the 
contrary,  Ehrlich  and  Morgenroth"  believe  that  receptors  capable  of 

«Erhlich,  P.,  &  Morgenroth,  J.:  Wirkung  iind  entstehunji  dor  aktiven  stoffe  im 
Hernm  iiiicli  <lcr  seitciikcttciithoorio.  llaii<ll)ii(li  tier  inithuL'eu  inikroorgams0ien, 
W.  KoUe  antl  A.  Waasermaiui,  Jena,  1904. 


Fig.  Id.— The  second  stage; 
continued  stimulation  causes 
a  reproduction  of  receptors. 
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Fi(i.  If.— Third  stage;  the  re- 
ceptors Ijegiiuiing  to  leave 
the  (I'll. 
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Fig.  1/.— Fourth  stage;  there, 
ceptors  have  left  the  cell  and 
float  free  iu  the  blood  =  anti- 
toxin. 


15 

ouiubiiiing-  with  the  toxine  are  produced  in  many  different  parts  of  the 
body,  espeeially  in  tissues  and  oj-gans  having  the  power  of  anchoring 
the  toxine  without  causing  serious  poisonous  effects. 

The  connective  tissue  is  believed  to  be  especially  rich  iu  receptors, 
evidenced  by  the  local  reaction  caused  b}^  the  subcutaneous  inoculation 
of  diphtheria  toxine,  ricin,  abrin,  and  similar 
poisons.  In  fact,  one  would  not  be  far  wrong- 
in  assigning  a  particular  signiticance,  in  the 
production  of  receptors,  to  just  those  organs 
which  show  unimportant  vital  response,  because 
iu  such  tissues  the  injurious  effects  of  the  toxo- 
pliore  group  are  absent  or  of  such  diminished 
impoi'tance  that  the  regenerative  powers  of  such 
tissues  are  not  retarded. 

The  presence  or  absence  of  receptors  capal)le 
of  binding  the  toxine,  as  well  as  their  nunil)er 
and  distribution,  are  factors  which  determine 

the  susceptibility  of  different  species  of  animals  against  the  various 
toxines.  These  factors  also  determine  the  individual  variations  in  the 
susceptibilitv  to  poisons  and  further  explain  the  instances  of  natural 
immunity  to  toxines. 

An  example  is  given  by  Sachs,"  who  studied  the  reaction  of  guinea- 
pig  blood  against  "arachnolysin,"  a  toxine  found  in  spiders.  In  this 
case  the  complete  immunity  of  the  red  blood  cells  of  the  guinea  pig 
against  arachnol3"sin  is  accounted  for  by  the  entire  absence  of  the 
proper  receptors,  while  the  susceptibility  of  the  red  blood  cells  of  the 
rabbit  to  very  small  quantities  of  this  poison 
is  accounted  for  by  the  strong  combining  affin- 
ity which  exists  between  these  cells  of  the 
rabbit  and  the  arachnolj^sin. 

In  some  cases  the  production  of  receptors 
may  apparently  be  traced  in  the  development 
of  certain  species.  Cannus  and  Gley^  have 
followed  the  development  (?)  of  the  receptors 
in  the  red  blood  cells  of  the  rabbit  toward 
FIG.  ig.-The  neutralization  of    ^^^  hemolysin  found  in  eel  serum.     Young 

a  toxin  by  antitoxin;  the  free  .  •'  .      " 

receptors  in  the  blood  have     rabbits  are  mucii  less  susccptible  to  this  poison 
united  with  the  toxin=anti-    Q^,^^^  .^^^^j^  rabbits,  whlcli  is  accouutcd  for  by 

Ehrlich  as  being  due  to  a  gradual  develop- 
ment of  the  receptors  having  proper  combining  affinities  for  the 
hemolysin  found  in  the  eel  serum. 

The  union  between  the  receptor  of  the  cell  and  its  poison  is  not 
alwa3's  a  direct  one,  as  described  above,  but  sometimes  takes  place 


v>fe/ 


a  Sachs,  Hans:  Hofmeisters  Beitr.,  bd.  2,  h.  1-3.      6  Quoted  by  Ehrlich,  loc.  cit. 
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Fig.  Ih.—The  sec- 
ond order  of  immu- 
nity, !<howing  the 
complement  and 
immune  body. 


through  the  intervention  of  a  .second  bodj^,  known  \  ariousl}'  as  the 
amboceptor,  zwichenkorper,  immune  body,  sensitizer,  fixative,  pre- 
parative, desmon,  etc. 

This  order  of  immunit}^  is  particular!}-  evident  in  the 
poisons  that  have  a  lytic  or  dissolving  action  upon  bac- 
teria or  the  cells  of  the  bod}',  such  as  the  bacteriolysins, 
hemolysins,  and  other  cytolysins.  These  poisonous 
bodies  are  ))elieved  by  Buchner  to  be  a  ferment,  and 
are  usually  spoken  of  as  the  '"  complement,'"'  but  also  as 
the  "alexin"  (Buchner)  or  "cytase''  (Metchnikofl). 

One  of  the  remarkable  facts  connected  with  the  phe- 
nomena of  the  lytic  poisons  is  that  the  poison  itself, 
usually  called  the  complement,  is  normally  present  in 
the  blood.     The  complement  has  less  resistance  to  heat 
than  the  intermediary  body,  and  is  therefore  spoken  of 
as  being  thermolahile. 
According  to   Ehrlich's   theory,  immunity  can   only   be  obtained 
against  the  intermediary  body,  which  is  believed  to  be  speciiic.     This 
intermediary  body  has  a  greater  resistance  to  heat  than  the  comple- 
ment; that  is,  it  is  relatively  thermostabile. 

Ehrlich  compares  the  intermediary  body  with  diazo-benzaldehyde, 
which  by  means  of  its  diazo  group  is  capable  of  combining  with  a 
series  of  bodies,  such  as  aromatic  amins,  phenols,  keto-methyl  bodies, 
etc.,  while  by  means  of  its  aldehyde  group  it  may 
combine  with  a  different  series,  such  as  the  hy- 
drazins,  ammonia  radicals,  and  hydrocyanic  acid. 
Phenol  and  hydrocyanic  acid  will  not  directly 
combine,   but  with  diazo-benzaldehyde  acting  as 
an  intermediary  liody,  these  two  substances  can 
be  brought  into  combination.     Pushing  this  com- 
parison further,  we  may  say  that  the  aromatic 
body,  or  the  phenol,  represents  a  constituent  of 
the  ])lood  cori)us(l('.     The  diazo-benzaldehyde  is 
the  intermediai-y  body,  while  the  poisonous  hy- 
drocyanic acid  constitutes  the  complement." 

Welch''  very  ingeniously  extended  Khrlicli's 
conception  of  innnunity  to  the  bacterial  cell. 
According  to  Welch's  views  tiu^  bacterial  cell  has  the  same  power  of 
defensive  action  against  the  poisons  i)i-()(luce(l  l)y  the  cells  of  higher 
animals  (hat  they  have  against  the  toxic  i)roducts  of  the  bacteria. 


Fig.  li".— The  third  order  of 
immunity,  showing  an  im- 
mune body  having  two 
aflinities. 


"  Vau^'liiiM  and  Novy:  Cellular  toxins,  1902,  p.  I:>1. 

''\V<"l(ii,  William  II.:  The  Huxley  lecture  on  recent  stutlies  of  immunity  with 
Hpccial  relerence  to  their  l)earinK  dii  pathology.  Bull.  Johns  Hopkins  Hosp.,  Balto., 
V.  i;{,  (l-Jl),  Dec.,  1S>02,  pp.  285-299. 
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In  other  words,  there  is  a  chemical  battle.  Both  the  bacterial  cell 
and  the  body  cell  excrete  poisonous  substances  against  each  other,  and 
both  in  turn  are  building  up  a  chemical  defense  against  the  action  of 
these  respective  poisons. 
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THE  IMMUNITY  UNIT. 

The  unit  for  measuring  the  strength  of  diphtheria  antitoxin  esta]>- 
lished  by  P^brlich  is  a  measure  of  strength,  not  of  quantity. 

It  is  difficult  to  define  the  unit  in  a  brief  sentence.  A  proper 
understanding  of  it  ma}"  only  be  had  from  a  study  of  the  theoretical 
considerations  inyolyed. 

The  unit  may  be  defined  as  the  neutralizing  power  possessed  by  an 
arbitrary  quantity  of  diphtheria  antitoxic  serum  kept  under  special 
conditions  to  preyent  deterioration  in  an  authorized  lal)oratory. 

From  a  theoretical  yiew  point  the  unit  may  be  defined  as  that  (|uan- 
tity  of  diphtheria  antitoxic  serum  which  will  just  neutralize  200  mini- 
mal lethal  doses  of  a  pure  poison.  By  a  "pure"  poison  is  understood 
one  containing  only  toxin  ^  and  no  toxoid,  toxone,  or  other  substances 
capable  of  uniting  with  the  antibodies. 

The  test  by  which  the  strength  of  antitoxin  contained  in  a  unit  is 
measured  is  a  physiological  one  and  depends  upon  the  neutralization 
of  the  toxine  by  the  antitoxin.  This  neutralization  can  onh'  be  deter- 
mined by  injecting  the  toxine  and  antitoxin  mixtures  into  guinea 
pigs,  which  animals  are  highly  susceptible  to  the  diphtheria  bacillus 
and  its  poisons. 

In  order  to  obtain  a  fundamental  understanding  of  Ehrlich's  immunity 
unit  it  is  necessary  to  make  a  study  of  the  nature  of  the  yarious 
poisonous  substances  which  are  present  in  the  diphtheria  toxine,  and 
then  clearly  to  understand  the  combining  and  neutralizing  action 
which  these  poisons  exert  upon  the  antitoxin.  Both  of  these  subjects 
are  treated  more  fully  in  the  next  chapter. 

In  all  the  earlier  work  on  this  subject  the  toxine  was  used  as  a  basis 
for  measuring  the  strength  of  the  antitoxin.  Init  as  the  toxine  is  a 
much  more  complex  substance  than  the  antitoxin,  and  as  it  is  less 
stable,  accurate  results  were  not  possible.  Ehrlich  showed  that  the 
antitoxin  under  certain  conditions  was  permanent,  ))oth  in  power  of 
chemically  combining  with  and  phj'siologically  neutralizing  the  toxine. 

The  unit  for  measuring  the  strength  of  diphtheria  antitoxin  is  an 
arbitrary  quantity,  just  as  the  units  of  all  systems  of  weights  and 
measures  ai'c  fundamentally  arbitrary  quantities,  so  that  the  question 
of  the  quantity  of  immunity  units  which  a  particular  diphtheris^  anti- 
toxic serum  contains  can  only  be  determined  hy  comparing  it  wdth  the 

(18) 
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standiii'd  .serum  preserved  hy  Ehrlicli  in  the  Kl^^-.  Institiit  fin-  Experi- 
uientelle  Therapie  at  Frankfort  a.  M.,  German}'.  This  scrum  has 
been  carefully  tested,  its  antitoxic  strenjjth  is  accurately  known,  and 
by  compai'ing-  any  other  serum  with  this  original  one  its  antitoxic 
value  may  be  determined. 

Elirlich,  however,  does  not  admit  that  his  antitoxic  unit  is  such  an 
arbitrary  (quantity,  and  believes  that  he  can  reproduce  it  should  it 
become  lost,  by  a  study  of  the  peculiar  relations  which  exist  between 
the  combining-  and  neutralizing  power  of  toxines  and  antitoxins;  for, 
from  a  theoretical  point  of  view,  Elirlich"  considers  that  the  innnunity 
unit  contains  just  200  '''combining  units."  A  combining  unit  is  anala- 
gous  to  the  valence  in  chemistry,  and  Ehrlich  has  shown  by  his  study 
of  various  diphtheria  poisons  that  the  antibodies  in  his  immunity  unit 
have  200  of  these  combining  affinities.  As  each  combining  affinity 
represents  one  ininimal  lethal  dose,  the  inmuinity  unit  theoretically 
should  coml)ine  with  and  neutralize  200  MLD's  of  a  toxine  con- 
taining onl}^  to.i'in.  If  it  were  possible  to  obtain  the  to.vln  in  pure 
solution,  free  from  to.rolds^  to.rones,  and  other  substances  which  have 
the  power  of  uniting  with  the  antibodies,  it  would  then  be  compara- 
tively easy  to  demonstrate  the  number  of  minimal  lethal  doses  which 
the  immunity  unit  is  able  to  neutralize.  As  such  pure  poisons  are 
practicality  never  obtained,  the  immunit}'  unit  in  actual  practice  is 
found  to  neutralize  many  times  less  than  200  minimal  lethal  doses  of 
the  toxine  (from  16  to  136),  the  remaining  combining  affinities  being 
satisfied  1)}"  such  allied  substances  as  to,and^  fo.rone^  etc.,  which  have 
the  same  chemical  affinity  for  the  antitoxin,  but  diminished  poisonous 
properties. 

In  order  the  better  to  understand  Ehrlich's  immunit}'  unit  it  will  be 
necessary  to  give  a  brief  review  of  its  development.  In  all  the  earlier 
systems  of  measuring  the  potency  of  diphtheria  antitoxic  seriim  the 
diphtheria  culture  or  its  toxine  was  the  basis  of  measurement.  Behring 
and  Roux  both  first  used  living  cultures.  Behring  substituted  the  use 
of  the  soluble  diphtheria  poison  for  living  cultures  as  early  as  1893,  as 
he  found  it  was  impossible  to  establish  any  S5^stem  of  definite  dosage 
with  live  organisms. 

The  method  at  first  used  by  Roux  for  determining  the  strength  of 
antitoxic  scrum  was  based  upon  the  ratio  between  the  quantity  of  the 
serum  necessary  to  protect  a  guinea  pig  and  the  weight  of  that  guinea 
pig.     His  method  was  carried  out  as  follows:  A  certain  quantity  of 

«Ehrlioh:  Die  wertbemessung  des  diphtherieheilserums  und  deren  theoretische 
griindlagen.     Klin,  jahrb.,  Jena,  v.  6  (2),  1897,  pp.  299-326. 

Ehrlich:  Ueber  die  constitution  dt'S  dijihtheriegiftes.  Dent.  nied.  woch.,  fveipzig, 
V.  24  (38),  Sept.  22,  1898,  pp.  597-600. 

Ehrlich:  Ueber  die  giftcomponenten  des  diphtherietoxins.  ]3erl.  klin.  woqh., 
1903,  nos.  35-37,  p.  37. 
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diphtheria  antitoxic  serum,  say  0.01  c.  c. ,  was  injected  subcutaneously 
into  a  guinea  pig.  Twelve  hours  later,  0.5  c.  cof  a  fresh  virulent 
culture  of  the  diphtheria  bacillus  was  inoculated  into  the  guinea  pig, 
weighing,  say,  300  grams.  If  the  guinea  pig  lived,  0.01  c.  c.  of 
the  serum  was  considered  sufficiently  active  to  protect  3(»0  grams  of 
guinea  pig,  and  1  c.  c.  of  the  serum  would  consequently  protect  80,<»0U 
grams  of  guinea  pig,  and  the  strength  of  the  serum  was  expressed  as 
1:  3(>,0(K).  The  strength  of  a  serum  according  to  this  method  was 
expressed  in  such  figures  as  1:  100,000  or  1 :  500,000. 

Control  animals  were  inoculated  to  insure  the  virulence  of  the  cul- 
ture used.  The  culture  used  was  considered  sufficiently  vii-uleiit  it' 
the  control  guinea  pig  died  within  thirty  hours. 

A  serum  with  an  immunizing  strength  of  1:  10U,000  meant  that  1  c.  c. 
woidd  protect  100,000  grams  of  guinea  pig;  and  a  sei'um  whose 
strength  was  1:  500,000  meant  that  1  c.  c.  of  the  serum  would  j)rotect 
500,000  grams  of  guinea  pig  against  a  certainly  lethal  dose  of  diph- 
theria culture  or  later  the  toxine  when  injected  in  acn-ordance  with 
the  above  procedure. 

Madsen**  showed  as  a  result  of  comparative  tests  that  the  German 
method  of  expressing  the  strength  of  antitoxic  sera  in  antitoxin  units 
was  quicker,  cheaper,  easier,  and  more  accurate  than  the  French  method 
devised  by  Roux.  He  showed  that  with  the  French  method  it  is  often 
impossible  to  determine  differences  as  great  as  1 :  100,000  and  1 :  200,0oO. 
This  method  was  tinally  abandoned  by  Roux  himself  in  favor  of  the 
German  procedure. 

In  the  earlier  methods  of  testing  the  strength  of  diphtheria  anti- 
toxin, according  to  both  the  methods  of  Behring  and  Roux.  the  two 
su})stances  were  always  inoculated  separately  into  a  guinea  pig,  usuall}^ 
in  different  places.  Sometimes  the  toxine  and  antitoxin  were  inocu- 
lated at  different  times  in  order  to  make  a  distinction  between  the 
immunizing  power  of  a  serum  and  its  curative  power. 

The  method  devised  by  Ehrlich  in  collaboration  with  Kossel  and 
Wassermann  in  1894''  was  based  upon  an  entii'ely  new  principle.  The 
scientific  researches  of  Hehring  and  Kitasato  had  previously  established 
the  fact  that  tetaiuis  poison  and  its  antitoxin  neutralize  each  other  in 
a  test  tube  outside  of  the  ])ody .  Ehrlich,  Kossel,  and  AVasscrmann  satis- 
fied themselves  that  this  neutralization  between  the  diphtheria  poison 
and  its  antiboily  takes  place  at  once  when  the  two  substances  are  mixed 
in  a  test  tube,  and  they  believed  at  that  time  (181)1)  that  it  took  place 
in  accordance  with  the  law  of  simple  proportions. 

"MadKCMi,  Thorvalil:  Ueber  messiinf^  dt-r  stiirke  dcs  antidiplitlu'iisclu'ii  siTuiiis. 
ZfitHclir.  f.  liyg.,  Leipzig,  v.  24,  pp.  4L'5-442. 

''\'v,hnr  (ievviiiiiung  und  Verwendung  des  Dii)litlu'iielieilsi'ruins.  Deut.  laed. 
Wotli.,  1894,  no.  16. 
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In  the  methods  used  before  this  time  (1894),  when  the  toxine  and 
antitoxin  were  injected  separate!}-  into  the  guinea  pig  the  substances 
Hrst  met  each  other  in  the  Iwd}-  of  the  animal.  The  time  it  takes  for 
the  toxine  to  meet  and  neutralize  the  antitoxin  when  these  substances 
are  injected  separate!}'  into  an  animal  naturally  varies  with  the  indi- 
vidual conditions  of  absorption,  and  exact  results  therefore  were  not 
possil)le.  It  was  found,  on  the  other  hand,  that  if  the  two  su))stances 
are  mixed  in  a  test  tube  and  the  mixture  is  injected  into  guinea  pigs, 
constant  and  uniform  results  are  obtained. 

At  this  time  (1894)  an  old  test  toxine,  obtained  by  Behring  and  pre- 
served with  0.5  per  cent  phenol,  was  used  as  a  basis  for  measuring 
the  strength  of  the  antitoxic  serums.  Ten  times  the  minimal  fatal 
dose  of  this  toxine  for  a  guinea  pig  weighing  200  to  300  grams  was 
mixed  with  varying  quantities  of  serum  the  strength  of  which  was  to 
be  determined.  The  mixture  was  at  once  inoculated  into  guinea  pigs 
and  the  animals  closely  watched  for  local  reaction  at  the  site  of  inocu- 
lation, for  loss  of  weight  or  other  symptoms.  As  the  s}  mptoms  appear 
in  a  few  days  it  was  possible,  in  carrying  out  the  tests  according  to 
this  method,  to  determine  the  strength  of  an  antitoxin  in  a  short  time. 

This  is  Beh ring's  method  of  measuring  the  strength  of  diphtheria 
antitoxic  serum. 

The  strength  of  the  serum  was  determined  in  accordance  with  the 
tests  carried  out  by  Behring's  method,  as  that  quantity  of  serum  which 
completely  neutralized  the  ten  minimal  fatal  doses.  The  toxine  was 
considered  to  be  completeh"  neutralized  if  the  guinea  pig  showed 
neither  local  nor  constitutional  effects  of  any  kind.  At  that  time  (1894) 
Ehrlich  considered  the  method  as  outlined  above  to  be  trustworthy, 
and  established  an  antitoxix  unit  as  that  quantity  of  serum  which 
required  just  1  c.  c.  to  neutralize  ten  times  the  minimal  fatal  dose  of 
the  diphtheria  poison.  The  antitoxic  serum,  which  had  preciseW  this 
power,  he  considered  as  a  normal  serum. 

Later  von  Behring  and  Ehrlich  found  stronger  serums  and  modified 
the  unit,  which  they  now  call  the  immunit}"  unit,  to  be  that  quantity 
of  antitoxin,  viz,  antidiphtheritic  serum,  which  will  neutralize  100 X 
MLD  for  a  guinea  pig  weighing  250  grams.  Ehrlich's  method  for 
carr}  ing  out  the  tests  in  accordance  with  this  new  conception  was  as 
follows: 

Ten  times  the  minimal  fatal  dose  is  mixed  with  a  definite  quantity  of 
serum  and  this  mixture  injected  subcutaneously  into  a  guinea  pig.  If 
the  guinea  pig  lives  the  (juantit}'  of  the  serum  used  contains  at  least 
one-tenth  of  an  innnunity  unit. 

For  example,  if  the  nnninial  fatal  dose  of  toxine  is  0.005,  ten  times 
this  quantity,  or  0.05,  represents  ten  times  the  minimal  lethal  dose 
(10  X  MLD)." 
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The  proper  quantit}'  of  the  toxiiieaiid  an  ainouut  of  the  antitoxin  to 
be  tested  are  now  mixed  in  a  test  tube,  as  follows:  To  0.05  c.  c  of  the 
toxine  is  added  0.001  c.  c.  of  the  serum,  and  the  mixture  inoculated 
subcutaneous!}'  into  a  guinea  pig-.  If  there  was  sutticient  antitoxin  in 
the  0.001  c.  c.  of  the  serum  used  to  neutralize  the  10  MLD's  used,  the 
pig  would  survive,  and  it  was  then  considered  that  0.001  c.  c.  of  that 
serum  contained  at  least  one-tenth  of  an  immunity  unit,  and  that  1  c.  c. 
of  that  serum  would  consequently  contain  at  least  100  units. 

Attention  is  particularly  called  to  the  fact  that  at  first  the  strength 
of  antitoxin  depended  upon  the  complete  neutralization  of  the  poison 
as  determined  by  indications  of  sickness  in  the  guinea  pig,  particularly 
changes  at  the  site  of  inoculation.  Slight  swellings  which  disappear 
in  a  few  days  were  not  taken  into  consideration  in  determining  the 
value  of  the  serum.  It  is  evident  that  the  indications  of  sickness  in 
the  guinea  pig  or  the  presence  of  slight  changes  at  the  site  of  inocula- 
tion are  dependent  upon  subjective  considerations  leading  to  diti'er- 
ences  of  opinion  or  errors  in  judgment  which  coidd  materially  afi'ect 
the  accuracy  of  the  tests. 

A  partial  neutralization  of  the  poison  sufficient  to  save  the  life  of 
the  animal  is  a  more  definite  factor  than  the  complete  neutralization 
depending  upon  the  appearance  of  local  signs  for  recognition. 

On  account  of  these  difficulties  encountered  in  determining  the  value 
of  antitoxins  it  became  necessarj^  to  eliminate  all  subjective  considera- 
tions and  obtain  a  method  based  upon  strictly  objective  conditions. 
Both  Ehrlich  and  von  Behring  independently  came  to  the  conclusion 
that  the  death  of  the  animal  was  a  much  better  criterion  for  determin- 
ing the  value  of  a  serum  than  the  local  reactions  or  the  survival  of  the 
animal  heretofore  depended  upon. 

A  still  more  radical  change  in  the  principle  of  measuring  the 
strength  of  diphtheria  antitoxin  was  now  introduced. 

Up  to  this  point  the  basis  of  measuring  the  strength  of  diphtheria 
antitoxin  was  always  either  the  culture  of  the  diphtheria  bacillus  or 
its  poisonous  products.  The  genius  of  Ehrlich  disclosed  errors  in  the 
methods  heretofore  described.  His  researches  into  the  biological 
relations  between  toxine  and  antitoxin  showed  that  it  re([uired  vary- 
ing amounts  of  antitoxin  in  order  to  neutralize  the  10  MLD's.  He 
tinally  showed  that  there  is  no  relation  between  the  poisonous  effects 
of  the  toxine  and  its  power  of  combining  chemically  to  neutralize  the 
antitoxin.  He  showed  that  a  toxine  ma}'  be  weakened  ver}'  materially 
by  the  influence  of  time,  light,  heat,  oxygen,  and  other  deleterious 
inlliicnccs.  without,  however,  altering  its  power  of  combining  with 
antitoxin.  Tliis  discover}'  was  of  fundamental  importance  and  re- 
(|nir((l  the  t lansfer  of  the  standard  of  measurement  from  the  poison 
to  its  ant ibodv. 
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Ehrlich  "  now  made  numerous  researches  in  order  to  determine  the 
stability  of  the  antitoxin.  He  had  particuhir  success  with  a  serum 
containino-  a  hi^h  percentage  of  olycerin.  This  glj^cerinated  serum 
showed  exactly  the  same  power  of  neutralizing-  toxine  after  one  year 
that  it  did  at  first. 

For  a  while  this  glycerin  solution  of  antitoxic  serum  was  used  as  the 
basis  for  standardizing  serums.  But  Ehrlich  showed  that  even  glyc- 
erinated  serum  may  weaken  and  also  the  fact  that  because  the  neu- 
tralization point  does  not  vary  is  no  guaranty  of  the  stability  of  the 
tost  solution.  It  was  therefore  necessary  to  abandon  the  glycerinated 
serum  as  a  method  for  preserving  the  standard  unit.  The  principal 
factors  which  cause  the  weakening  of  antitoxin  are  moisture,  oxygen, 
light,  and  heat. 

It  is  very  easy  to  guard  against  the  deleterious  influences  of  light 
and  heat.  It  was  therefore  necessary  only  to  pay  particular  attention 
to  the  first  two  agents. 

The  serum  was  therefore  reduced  to  a  powder  under  proper  precau- 
tions and  this  dried  blood  serum  preserved  in  a  small  glass  apparatus 
consisting  of  two  parts  connected  by  means  of  a  glass  tube.  The 
serum  is  placed  in  one  portion  of  the  apparatus  and  phosphoric  anh}'- 
drid,  which  is  a  very  powerful  deh3^drating  substance,  in  the  other. 
The  air  is  exhausted  as  much  as  possible  by  means  of  a  high  vacuum 
and  the  apparatus  hermetically  sealed.  After  a  few  days  the  acid  will 
have  taken  up  all  the  moisture  from  the  serum,  and  the  tube  connect- 
ing the  two  parts  may  then  be  melted  and  sealed  off,  separating  the 
acid  from  the  serum.  The  dried  serum  is  now  contained  in  a  vacuum 
tube  and  preserved  in  a  cool  place  in  absolute  darkness. 

In  this  wa}'  Ehrlich  prepared  a  great  number  of  these  little  tubes, 
each  one  containing  a  dried  serum  whose  value  was  accurately  deter- 
mined. Each  tube  contained  2  grams  of  the  dried  serum,  repre- 
senting 1,700  immunity  units  in  each  gram.  Every  two  or  three 
months  one  of  these  tubes  is  carefully  opened  and  the  contents  dis- 
solved in  200  c.  c.  of  a  10  percent  solution  of  sodium  chlorid  and  gl3'c- 
erin  mixture,  the  mixture  containing  from  50  to  80  per  cent  of 
glycerin.  One  c.  c,  of  this  gh^cerinated  serum  represents  then  exactly 
seventeen  times  the  normal  strength;  and  therefore  if  we  dilute  1  c.  c. 
of  this  glycerinated  serum  with  16  parts  of  water,  each  cubic  centi- 
meter of  the  dilution  contains  one  imnnmity  unit. 

Although  the  serum  is  used  as  a  basis  for  standardizing  the  strengths 
of  other  sera,  the  toxine  still  plays  a  very  important  role  in  the  process 
of  testing,  as  it  is  manifestly  impossible  to  estimate  the  strength  of  an 

"Ehrlich:  Die  Wertbemessung  dca  Diphtherieheilserums  and  deren  theoretische 
Grundlagen.     Klin.  Jahrb.,  Jena,  v.  0  (2),  1897,  pp.  299-326. 


24 

antitoxic  serum  by  comparing  it  directly  with  another  serum.  One  is 
compared  with  the  other  through  the  toxine. 

It  is  not  the  absokite  toxicity  of  the  poison  which  is  considered  in 
testing  the  strength  of  the  antitoxin,  but  a  combination  of  its  combin- 
ing and  poisonous  powers,  as  expressed  in  the  L+  dose  (see  p.  26). 
The  method  by  which  the  strength  of  standard  serum  is  estimated  and 
methods  by  which  other  serums  are  compared  with  it  are  fully  con- 
sidered in  detail  in  the  following  pages. 

It  is  to  be  noted  here  that  in  accordance  with  the  method  of  deter- 
mining the  power  of  diptheria  antitoxin,  as  devised  by  Ehrlich,  three 
important  factors  are  achieved:  The  poison  is  neutralized,  and  the 
protective  and  curative  powers  of  the  serum  established. 


THE  CONSTITUTION  OF  THE  TOXINE  AND  ITS  RELATION  TO 

ANTITOXIN. 

Ehi'lich's  discovery  that  the  relation  between  toxine  and  antitoxin  is 
not  always  the  same  led  him  to  investigate  the  constitution  of  the 
diphtheria  poison. 

It  is  believed  that  the  diphtheria  bacillus  primarily  secretes  at  least 
two  poisons,  the  toxin  and  the  toxone. 

The  toxin  is  not  stable  and  is  readily  reduced  to  toxoid.  For  the 
purposes  of  our  work  we  must  have  a  clear  understanding  of  the  toxin., 
the  toxoid.,  and  the  toxone. 

The  toxin  is  the  only  poison  produced  b}"  the  diphtheria  bacillus 
capable  of  causing  acute  death.  The  toxoids  have  little  or  no  poi- 
sonous properties.  The  toxonvs  produce  the  late  manifestations  of 
paralysis. 

The  interesting  point  about  all  of  these  poisons  is,  they  have  the 
power  of  combining  chemically  with  the  antitoxin.  In  other  words, 
toxin.,  toxoid.,  and  toxone.,  and  finally  epitoxonotd.,  all  have  the  same 
haptophore  group,  but  different  or  modified  toxophores. 

The  poisonous  toxins  are  subdivided  into  three  groups  depending 
upon  the  degree  of  their  avidity  for  antitoxin,  viz,  j^fototoxin^  deutro- 
toxln,  and  tritotoxin.  Each  of  these  toxin  groups  ma_v  in  whole  or  in 
part  be  converted  into  toxoids.,  which  are  not  poisonous  but  which 
have  the  same  power  of  combining  with  the  antitoxin  as  the  toxin 
from  which  they  derive  their  origin.  These  altered  toxins  are  conse- 
({uently  known  as  prototoxoid ,  deutrotoxoid,  and  tritotoxoid.,  respec- 
tivelj.  The  prototoxin  has  a  greater  affinity  for  antitoxin  than  the 
deutrotoxin,  and  the  deutrotoxin  has  a  greater  affinity  for  antitoxin 
than  the  tritotoxin.     The  same  relation  holds  good  for  the  three  toxoids. 

As  each  diphtheria  poison  contains  these  substances  in  varying  pro- 
portions it  is  at  once  evident  that  there  can  be  no  relation  between  the 
toxicity  of  the  poison  and  its  coin))ining  power  with  antitoxin.  Take 
for  example  two  poisons  which  require  the  same  dose  to  kill,  but  in 
one  t\\&  jyrototoxin  and  in  the  oth(>r  the  tritotoxin  has  become  altered 
into  prototoxoid  and  tritotoxoid.,  respectively.  It  is  then  evitlent  that 
in  order  to  neutralize  the  same  lethal  dose  in  the  first  case  it  would 
require  more  serum  than  in  the  second,  because  in  the  first  case  a  cer- 
tain proportion  of  the  antitoxin  would  be  used  up  by  combining  with 
the  irrototoxoid.,  which  is  noiipoisonous,  leaving  a  proportionately 
greater  amount  of  uncombined  toxin.  On  the  other  hand,  a  serum 
tested  against  ten  or  one  hundred  minimal  lethal  doses  of  these 
respective  poisons  would  apy)ear  to  have  quite  different  immunizing 
values. 

(25) 
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The  toxone  is  one  of  the  primar}'  metabolic  products  of  the  diphthe- 
ria bacillus.  It  possesses  the  same  haptophore  group  as  the  toxh)^  but 
has  far  less  avidit}^  for  antitoxin.  When  the  diphtheria  poison  and 
antitoxin  are  brought  together  the  toxone  is  the  last  to  enter  into  com- 
bination with  the  antitoxin,  as  both  the  toxin  and  toxoid  have  greater 
aflBnities  for  the  antibodies  than  the  toxone.  The  toxone.,  as  })efore 
mentioned,  has  the  same  haptophore  group  as  the  toxin  but  has  a 
different  toxophore  group,  as  it  is  incapable  of  producing  acute  effects, 
cutaneous  necroses  and  death,  but  is  responsible  for  the  local  edema 
and  the  diphtheritic  paralysis. 

The  diphtheria  poison  is  first  investigated  biologicallj^  b}'^  adding 
varying  quantities  of  the  poison  to  the  immunity  unit  and  inoculating 
the  mixtures  into  a  series  of  guinea  pigs.  In  this  wa}"  it  is  very  evi- 
dent, as  Ehrlich  has  shown,  that  two  limits,  boundaries,  or  zones  are 
always  shown,  which  are  of  the  greatest  importance  in  determining  the 
nature  and  composition  of  the  poison.  Each  of  these  limits  is  desig- 
nated b}"  the  letter  L,  from  limes.,  a  boundary  or  zone. 

These  limits  are  known,  respectively,  as  L"  (°  =  nil)  and  L+  (+  = 
death). 

By  L"  is  meant  that  quantity  of  poison  which  just  neutralizes  or 
saturates  one  immunity  unit  as  shown  at  the  necrops}^  done  fortj^-eight 
hours  after  the  subcutaneous  injection  of  the  mixture  into  the  guinea 
pig.  The  reaction  at  the  site  of  the  inoculation  at  this  examination 
must  be  hardly  noticeable. 

Theoretically  the  L**  dose  of  toxine  must  unite  with  and  neutralize 
just  200  "combining  units''  of  antitoxin.  The  L"  dose,  therefore, 
contains  just  200  minimal  lethal  doses  of  a  theoreticallj'  pure  poison. 

By  L+  is  meant  the  smallest  quantity  of  toxine  that  will  neutralize 
one  imnuinity  unit,  plus  a  quantity  necessar}^  to  kill  the  animal  on 
the  fourth  day.  As  defined  by  Ehrlich,  the  L+  dose  is  that  (juantity 
of  poison  which,  despite  the  antibodies  contained  in  one  imnuinity 
unit  of  serum,  contains  a  sufficient  excess  of  the  poison  to  cause  the 
death  of  the  guinea  pig  within  the  course  of  four  days. 

In  stud34ng  the  constitution  of  the  diphtheria  poison  it  is  also  nec- 
essary to  determine  its  absolute  toxicity  with  the  greatest  possible 
precision.  The  absolute  toxicity  of  the  diphtheria  poison  is  usually 
spoken  of  as  the  minimal  lethal  dose  (MLD),  sometimes  as  the  mini- 
mal fatal  dose  (MFD),  and  occasionally  as  the  sinq)le  lethal  dose.  "The 
determination  of  the  minimal  lethal  dose  is  often  an  exceedingly 
tedious  pr<)l»h'in,  and  in  some  cases  re(iuires  as  many  as  100  animals. 
This  is  due  in  part  to  the  fact  that  the  determination  of  the  exact  limits 
is  hirg(>ly  inlhienced  by  the  individuality  of  the  guinea  pigs,  so  that  it 
is  necessary  1(»  repeat  the  woik  on  a  scries  of  animals  in  order  to  reach 
an  avera<'■(^ 
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The  minimal  lothal  dose  may  1)0  defined  as  that  (|nantitv  of  toxine 
wliicli  will  snrely  kill  eveiT  gninea  pi<;-  weiwhino-  :>5(>  g'rams  in  the  course 
of  four  days  oi',  at  the  very  latest,  five  days.  As  Ehrlich  has  pointed 
out,  such  a  quantity  may  kill  some  of  the  animals  sooner,  that  is,  within 
thirty-six  to  fortj-eiuht  hours.  A  (|uantity  of  diphtheria  poison  that 
will  kill  every  guinea  pig,  without  exception,  acutely,  within  thirty- 
six  to  forty-eight  hours,  contains  more  than  the  minimal  lethal  dose. 

The  LH-  dose  is  a  much  more  definite  and  constant  factor  than  the 
MLD.  It  does  not  show  the  irregularities  or  present  the  difficulties 
met  with  in  determining  the  absolute  toxicity  of  the  poison. 

In  his  earlier  work  Ehrlich  looked  upon  the  diphtheria  toxine  and 
antitoxin  as  simple  substances  neutralizing  each  other  as  an  alkali  does 
an  acid.  That  the  relation  between  these  two  substances  is  much  more 
complex  was  at  once  evident  as  soon  as  he  worked  out  the  complex 
nature  of  the  diphtheria  poison. 

The  best  method  of  studying  the  relations  between  toxine  and  anti- 
toxin is  by  mixing  these  two  substances  together  in  varj'ing  amounts 
and  studying  the  effects  of  partial  saturation  or  neutralization.  As 
the  innnunity  unit  is  supposed  to  contain  200  "combining  units,"  the 
most  valual)le  information  is  obtained  by  adding  one  two-hundredths  of 
the  immunity  unit  to  a  given  quantity  of  toxine,  using  either  the  L"  or 
L+  dose  of  toxine.  These  mixtures,  inoculated  into  a  series  of  guinea 
pigs  of  standard  weight  and  under  standard  conditions,  will  give  cer- 
tain definite  results. 

B}'  mixing  with  the  L"  dose  of  the  diphtheria  toxine  such  fractional 
amounts  of  antitoxin  we  have  results  which  may  be  summarized  as 
follows: 

At  first  these  mixtures  ma}*  show  no  diminution  in  toxicity,  despite 
the  addition  of  considerable  (say,  forty  two-hundredths)  of  the  immunity 
unit.  This  zone  represents  the  prototoxoids.  Then  comes  a  time  when 
for  each  addition  of  one  two-hundredth  of  a  unit  of  antitoxiii  the  poison 
may  lose  one  minimal  lethal  dose.  This  is  the  zone  of  toxins  {syn- 
toxins).  Then  follows  the  zone  in  which  the  mixture  fails  to  produce 
acute  death,  but  ma}'  cause  local  edema  and  later  paral3'sis.  This  is 
the  zone  of  toxones,  first  called  epitoxones  by  Ehrlich. 

Later,  von  Dungern^'  showed  the  presence  of  epitoxonoids  which 
have  the  same  combining  affinity  for  the  antitoxin,  but  show  no  poison- 
ous properties.  The  epitoxonoids  of  von  Dungern  explain  the  power 
of  neutral  mixtures  of  toxine  and  antitoxin  to  produce  immunity 
when  injected  into  susceptible  animals. 

The  results  of  the  partial  saturation  or  neutralization  tests  are  con- 
veniently studied  l)y  plotting  curves,  called  by  Ehrlich  "spectra." 
Several  such  spectra  are  shown  in  fig.  2. 

«Beitragzurkenntnissder  bindungsverhaltnisse  beider  vereinigung  von  diphtherie- 
giftund  aiitiserutn.     Dent,  iiied.  woch.,  v.  30  (8-9),  1904,  pj).  275-277,  310-312. 
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In  studying-  these  spectra,  it  must  l>e  remembered  that  one  inunu- 
nitv  unit  theoretically  neutralizes  200  minimal  lethal  doses  of  a  pure 
poison,  containing  oidy  toxin.  It  is  self-evident  that  such  toxin  "val- 
ences" may  he  substituted  by  other  substances  having  the  same  com- 
))iirmt>-  iitiinity  but  less  poisonous  or  not  at  all  poisonous,  such  as  toxoid 
and  toxone. 

As  toxines  containing  only  toxin  are  practicall}^  never  obtained,  it  is 
evident  that  the  innnunity  unit  will  be  found  in  actual  practice  to  neu- 
tralize a  less  number  of  minimal  lethal  doses  than  200,  the  remaining 
mnnber  being  satisfied  with  the  toxoids  and  toxones. 

In  order  to  obtain  a  correct  understanding  of  these  spectra,  it  is 
necessary  to  know  how  one  is  cast.  The  most  instructive  results  are 
obtained  by  using  the  L"  dose  of  toxine.  The  L"  dose  is  that  quantity 
of  toxine  which  will  just  neutralize  one  inmnmity  unit.  The  L"  dose 
should  contain  just  200  MLD's  of  a  theoretically  pure  toxine,  contain- 
ing only  toxin. 

Let  us  make  a  spectrum  of  an  impure  toxine  containing  the  fol- 
lowing: 

L''^   50  combining  units  oi  prototoxin. 

loo  combining  units  of  toxin  (  =  100  MLD's). 
50  combining  units  of  toxmie. 

200 
Then: 

L"  dose  of  toxine  =  100  MLD\s,  i.  e.'.  contains  enough  toxin 

to  kill  100  guinea  pigs. 
^"+200  immunity  unit=lOO  MLD's. 
L^+^Vo  immunity  imit=100  MLD\s. 
L"+/it"o  immunity  unit  =  100  MLD's. 

Up  to  this  point  we  see  that  the  addition  of  fifty  two-hundredths  of 
the  imnumity  unit  has  no  effect  upon  the  toxicity  {toxiv)  of  the  poi- 
son. In  other  words,  the  antitoxin  is  being  used  up  by  combining 
with  some  nonpoisonous  substance,  viz,  prototoxoid.  The  first  50 
segments  of  our  spectra  will  therefore  consist  of  this  modified  toxin. 

If  now  we  add  more  antitoxin  to  our  toxine  we  will  find  that  for  the 
addition  of  each  one  two-hundredths  of  the  immunity  unit  the  toxine 
loses  one  MLD — 

L"+2Vo  immunity  unit  =  ;>9  MLD's. 
L°+2Vo  immunity  unit=80  MLD's. 
L^+UJ  immunity  unit=  3  MLD's. 
IJ'^-Wl  immunity  unit=  2  MLD's. 
U^-\\l  immunity  unit=   1  MLD. 

That  is,  the  L"  dose  of  toxine  plus  one  hundred  and  forty-nine  two- 
hundredths  of  the  immunity  unit  contains  in  the  mixture  just  enough 
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free  poison  (toxin)  to  kill  one  «»uiiiea  pig.    Theielon;  the   next  100 
segments  of  this  spectrum  will  consist  of  toxin. 

If  we  now  add  one  two-hundredths  more  of  antitoxin  the  mixture 
will  fail  to  kill.     Thus, 

L"+|f{y  immunity  unit=:will  not  kill  acutely,  hut  causes  paraly- 
sis {toxones). 

\J^-\-\ll  immunity  unit  =  will  not  kill  acuteh',  hut  causes  paraly- 
sis {toxonts). 

L°+j|f  immunity  unit=  will  not  kill  acutel}',  but  causes  paraly- 
sis {t0X07lc.s). 

L"-f-|f "  immunity  unit  =  complete  neutralization. 

The  last  50  segments  of  the  spectrum  would,  therefore,  he  made  up 
of  toxone. 

The  spectrum  of  this  poison  would,  therefore,  be  expressed  as  fol- 
lows: 
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Fig.  3. — A  spectrum  of  a  simple  poison.    Redrawn  from  Madsen,  La  Constitution  du  poison  diphthe- 
rique.    Ann.  de  I'lnstitut  Pasteur.    Vol.  XIII,  1S99,  p.  576. 

By  this  graphic  representation  of  the  results  of  the  studies  of  toxine- 
■  antitoxin  mixtures  it  is  pos.sible  to  tell  at  a  glance  the  proportional 
amounts  of  toxin^  toxoid.^  or  toxone  contained  in  a  given  poison. 

The  following  instructive  instance  is  taken  from  Ehrlich's  poison 
No.  5:« 

L"  dose  of  this  toxine  No.  5  was  0.125  cc. 
L+  do.sc  of  this  toxine  No.  5  was  0.25  cc. 
MLD  dose  of  this  toxine  No.  5  was  0.0025  cc. 

It  will,  therefore,  be  seen  that  the  L"  dose  of  this  particular  toxine 
contained  exactl3^  50  X  MLD,  and  the  L+  dose  contained  100 x  MLD. 

The  gradual  clianges  which  this  poLson  underwent,  as  shown  by  the 
spectra,  may  l>e  explained  as  follows: 

In  A  (fig.  2)  pure  hemitoxin  is  shown.  By  this  is  meant  that  the 
addition  of  each  one  two-hundredths  of  the  immunit}'^  unit  to  the  L" 

"Elirlicli:  UcIht  die  constitiitiiin  <leH  (!i|)litli('n(Hj;iftos.  Dent,  iiu'd.  worli.,  Leip- 
zig, V.  24  (:W),  18S»8,  pp.  597-()00. 

Khrlich:  IVIkt  die  giftcomponenten  des  diplithericloxins.  P»erl.  klin.  woch., 
1903,  no8.  35-37. 
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doso  takes  away  just  one-half  IVILD  until  100  such  conibininj^  units,  or 
one-half  of  the  inununity  unit,  has  been  added.  A  further  addition 
of  antitoxin  had  no  eflfect  upon  the  toxi7ia,s  shown  by  death  or  necroses, 
but  only  influenced  the  toxone. 

In  B  (tig.  2),  instead  of  an  equal  mixture  of  toxin  and  toxoid^  known 
as  hemitoxin^  we  have  a  mixture  of  toxin  and  toxoid^  containing  more 
of  the  latter  than  the  former,  as  indicated  by  the  diminished  toxicity. 
The  evidence  of  irltotoxin  is  shown  in  the  spectra  between  SO  and  1()0. 

Phase  D  (tig.  2)  shows  a  further  loss  of  toxicity  of  this  poison  No. 
5  under  consideration.  By  this  time  the  minimal  lethal  dose  had  risen 
to  0.00-1,  It  will  })e  seen  that  the  addition  of  forty  two-hundredths  of 
the  immunity  unit  had  no  influence  upon  the  toxicity  of  the  poison, 
indicating'  the  appearance  oi  prototoxoid. 

Three  distinct  zones  ma}'  be  distinguished  in  such  spectra. 

The  first  zone,  which  is  not  always  present,  represents  the  non- 
poisonous  prototoxoid. 

The  second  zone  contains  the  poisonous  toxin. 

If  the  addition  of  ^\^  of  the  immunity  unit,  which  represents  one 
combining  unit,  removes  exactly  1  MLD,  the  poison  then  contains 
pure  toxin.  Sometimes  the  addition  of  one  combining  unit  removes 
on  the  average  one-half  the  lethal  dose.  This  phenomenon  is  inter- 
preted as  indicating  the  mixture  of  equal  parts  of  toxins  and  toxoids., 
designated  by  Ehrlich  as  heniitoxin.  The  existence  of  heniitoxin  is 
possible  only  in  case  the  toxoid  has  precisely  the  same  avidity  for  the 
antitoxin  as  the  toxin.  From  this  it  follows,  as  Ehrlich  had  from  the 
beginning  assumed  and  as  Arrhenius  has  confirmed,  that  in  the  trans- 
formation of  toxin  into  toxoid  no  change  in  avidity  occurs. 

Pure  toxoid  occwTH  often  in  the  form  of  iiprototoxoid,  which  possesses 
a  stronger  affinity  for  antitoxin  than  all  other  components  of  the  poison. 
The  prototoxoid  manifests  its  presence  by  the  fact  that  a  cei'tain  quan- 
tity' of  antitoxin  may  be  added  to  the  diphtheria  poison  without  in  the 
slightest  degree  lessening  its  toxicity. 

The  third  zone,  which  Ehrlich  calls  the  "toxone  zone,"  has  been 
subject  to  the  greatest  amount  of  discussion  and  the  correctness  of 
his  views  has  been  questioned,  especially  by  Arrhenius  and  Madsen." 
Arrhenius  insists  that  instead  of  considering  the  diphtheria  poison  to 
contain  toxin  and  toxone.,  it  would  })e  simpler  to  consider  it  as  a  single 
(homogeneous)  substance  which  has  a  very  weak  affinity  for  the  anti- 
toxin, and  that  in  mixtures  containing  toxine  and  antitoxin  there  is 
always  both  free  toxine  and  free  antitoxin.  He  draws  his  analog}'  from 
known   facts  in  physical  <-hemistry,  particularly   from  studies  upon 

aToxines  et  antitoxines  le  poison  dipht^rique.  Acad.  roy.  sci.  et  let.  Danemark: 
Bull.  no.  4,  1904.     pp.  269-305. 
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the  relation  of  boracic  acid  and  ainmonia.  These  two  substances  have 
a  comparatively  weak  affinity  for  each  other,  and  in  mixtures  all  the 
boracic  acid  does  not  combine  with  the  ammonia,  but  there  is  alwa3^s 
present  both  free  annnonia  and  free  boracic  acid. 

When  ammonia  and  boracic  acid  are  brought  together  in  watery 
solution  some  of  the  ammonia  at  once  unites  with  some  of  the  boracic 
acid  and  forms  ammonium  borate.  This  reaction  starts  with  a  certain 
velocity,  but  as  the  mass  of  ammonium  borate  increases,  the  velocity 
of  the  reaction  gradually  diminishes.  After  a  time  a  condition  is 
reached  when  tiie  ammonium  liorate  has  a  maximum  value  and  does 
not  further  increase,  no  matter  how  long  the  reaction  is  allowed  to 
proceed  under  the  given  conditions. 

When  this  condition  of  equilil)rium  is  reached  the  mass  contains  a 
constant  (juantity  of  water,  annnonia,  boracic  acid,  and  annnonium 
borate;  but  these  substances  are  not  at  rest.  The  ammonia  and 
boracic  acid  will  always  react  when  in  the  presence  of  each  other 
whetheror  not  ammonium  borate  is  present.  But  as  the  proportionate 
amount  of  ammonium  borate  remains  constant,  it  is  understood  that 
while  this  continuous  association  between  the  ammonia  and  the  boracic 
acid  is  going  on  there  is,  at  the  same  time,  a  reversible  action — that  is, 
a  dissociation  of  the  ammonium  borate  to  re-form  ammonia  and 
boracic  acid      These  two  reactions  take  place  simultaneously. 

Ai'rhenius  l)elievesthatthe  diphtheria  poison  changes  slowly,  accord- 
ing to  the  laws  of  monomolecular  reactions,  into  a  nonpoisonous  body — 
toxoid.  Both  substances,  toxin  and  toxoid,  according  to  Arrhenius, 
coml)ine  feebly  with  antitoxin,  the  equilibrium  constant  being  equal 
for  both. 

Ehrlich,  howev^er,  contends  on  the  other  hand  that  the  diphtheria 
poison  is  not  only  a  complex  substance,  but  that  the  to.rin  and  antitoxin 
have  sti'ong  affinities  for  each  other.  He  admits  tiiat  the  long  interval 
betwiM'n  the  values  of  L"  and  L+  seems  to  oppose  the  acceptance  of  a 
sti'ong  allinity  between  the  to.rin  and  antitoxin. 

Designate  by  1)  the  amount  of  toxine  representing  the  ditierence 
between  L+  and  L".  From  chemical  examples  it  can  l)e  easily  shown 
that  with  poisons  of  strong  avidity  the  value  of  D  nuist  correspond 
exactly  to  one  minimal  lethal  dose,  whereas  with  poisons  of  weak 
affinity  I)  may  be  much  laiger  on  account  of  the  free  or  dissociated 
poison.  Khi-lich,  however,  finally  succeeded  in  finding  a  toxine  in 
which  I)  was  precisely  of  the  theoretic  value  of  1.  Tlu'reby  it  was  in 
principle  shown  that  toxhi  and  antitoxin  unite  with  strong  affinity, 
a!id  the  great  variation,  from  (»  to  800  per  cent,  in  the  value  of  D  rep- 
resented by  tlill'crent  specimens  of  toxines  could  be  explained  by  the 
presence  of  hi.nnie. 


33 

In  his  recent  very  careful  work  upon  the  constitution  of  diphtheria 
poison  and  the  relation  between  toxine  and  antitoxin,  von  Dungcrn" 
concludes  that — 

1.  The  union  of  diphtheria  toxine  and  antitoxin  does  not  proceed  in 
accordance  with  the  ammonia-boric  acid  scheme. 

2.  The  observed  phenomena  of  combination  are  explicable  only 
upon  the  assumption  of  a  complex  constitution  of  the  diphtheria 
poison. 

3.  The  facts  find  their  best  explanation  in  the  action  of  a  toxone  and 
an  tpitoxonold.  Epitoxonold  is  present  in  considerable  quantit}^  in 
toxic  broth.  The  immunizinfr  action  of  apparenth^  completely  neu- 
tralized toxines  can  therefore  be  explained. 

4.  Constituents  of  the  diphtheria  poison  with  weak  affinity  after 
combining  with  antitoxin  may  eventually  become  so  firmly  bound  that 
this  union  can  only  be  incompletely  broken  by  toxin  of  stronger  avidity. 
The  strength  of  the  combination  is  of  significance  for  the  action  of 
antitoxin. 

The  claim  of  Arrhenius  and  Madsen  that  the  toxine  is  a  simple  sub- 
stance having  a  weak  affinit}"  for  the  antitoxin,  and  that  the  combina- 
tion of  toxine  and  antitoxin  follows  the  Guldberg- Waage  law,  and  that 
the  reaction  is  therefore  reversible,  seems,  in  the  light  of  the  evidence 
before  us,  to  be  untenable. 

Nernst*  and  Michaelis*^  consider  that  the  assumption  that  the  reac- 
tion is  reversible,  at  least  after  a  very  short  period,  is  arbitrary  and 
unsupported  by  evidence.  In  addition  to  von  Dungern,"  as  above 
quoted,  Sachs,''  Morgenroth,'  and  others  have  brought  forward  new- 
experiments  to  show  that  the  reaction  is  not  reversible,  and  that  the 
existence  of  toxoids  and  toxones  is  very  probable. 

The  question  as  to  the  existence  of  toxones  now  seems  by  the*  work 
of  Calcar,  if  contirmed,  to  be  definitely  settled  in  favor  of  Ehrlich's 
views.  Calcar'  separated  from  diphtheria  bouillon  by  special  methods 
of  tiltration,  through  a  membrane,  two  poisonous  constituents.  The 
one  (Ehrlicirs  toxin)  killed  acutely;  the  other  (Ehrlich's  toxone)  pro- 
duced late  paralysis  and  death  after  several  weeks. 

Ehrlich  and  his  co-workers  had  been  able  to  show  the  existence  of 
tox(me8  only  by  more  indirect  methods  (partial  neutralization  of  toxine 

"Deut.  iiied.  Woch.,  1904,  Nos.  Sand  9. 
&Zeit.  f.  Elektro(-hein.,  10,  p.  377. 
'  Biochem.  CentrlVjl.,  3,  p.  1. 
''Berl.  kliii.  Wc.ch.,  41,  p.  412. 
''Ibid.,  41,  p.  52(J. 
/Ibid.,  41,  p.  1028. 
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with  antitoxin),  and  lack  of  direct  proof  of  their  existence  gave 
Arrhenius  and  Madsen's  contention  that  the  toxones  were  only  the 
toxin  which  was  being  slowly  freed  from  the  antitoxin-toxine  com- 
bination a  certain  degree  of  plausibility/' 

Calcar  was  also  able  to  show  that  the  toxones  have  a  greater  molecular 
volume  than  the  toxins^  but  a  smaller  molecular  volume  than  the  pro- 
teids. 

It  therefore  seems  plain,  as  Ehrlich  states,  that  his  views  furnish  a 
far  better  explanation  than  those  of  Arrhenius  of  numerous  facts  in 
the  domain  of  toxines,  such  as  the  process  of  spontaneous  enfeeble- 
ment  of  toxins^  their  passage  into  a  state  of  stability,  the  reduction  of 
the  toxont  zone,  and  the  capacity'  of  completely  neutralized  poisons  to 
produce  antitoxin  (Park)  by  means  of  von  Dungern's  epltoxonoids. 

aKeid  Hunt  in  Gould's  Amer.  Yearbook  of  Med.  and  Surg.,  1905,  p.  649. 


THE  TOXINE. 
PREPARATION   OF   THE   TOXINE. 

The  culture. — For  the  preparation  of  the  toxine  we  use  a  culture 
known  as  "Park's  baciHus  No.  S."  This  culture  has  now  become 
famous  in  laboratories  both  in  this  country  and  abroad  on  account  of 
its  remarkable  power  of  retaining  its  virulence  and  producing  strong 
poisons.  The  culture  was  isolated  in  1894  bj^  Dr.  Anna  W.  Williams, 
of  the  New  York  health  department,  and  is  sometimes  known  as  the 
Park-Williams  bacillus. 

The  best  results  are  obtained  by  growing  the  organism  as  a  surface 
growth  in  the  special  bouillon  presently  to  be  described.  We  carry  it 
over  from  test  tube  to  test  tube  every  day,  taking  only  the  surface 
film  with  a  flattened  platinum  needle. 

The  strongest  poisons  are  ol)tained  when  the  surface  growth  is 
heavy  and  the  bouillon  remains  clear.  A  precipitate  of  the  old  and 
dead  organisms  always  collects  at  the  bottom  of  the  tube. 

TJie  houillon. — The  bouillon  is  a  special  alkaline  medium  prepared 
from  fresh  lean  beef  freed  of  muscle  sugar  and  all  other  sugars,  and  to 
which  a  small  quantity  of  dextrose  (glucose)  is  added,  which  seems  to 
favor  the  production  of  a  strong  poison. 

The  bouillon  is  prepared  largely  in  accordance  with  the  instructions 
laitl  down  by  Theobald  Smith  in  a  paper  entitled  ''The  relations  of 
dextrose  to  the  production  of  toxin  in  bouillon  cultures  of  the  diph- 
theria bacillus. "«  This  culture  medium,  which  we  call  "Smith's 
bouillon,"  is  prepared  by  us  as  follows: 

Cut  out  all  the  fat  and  tendon  of  the  beef.  Pass  through  the  meat 
grinder,  catching  all  the  expressed  juice.  Weigh  and  add  twice  the 
weight  of  water.  Place  in  the  cool  room  at  15^  C.  for  twentj^-four 
hours,  then  strain  through  cloth,  pressing  firmly.  Weigh  the  amount 
of  meat  infusion  thus  obtained.  Take  the  reaction  and  neutralize 
with  sodium  hA^drate  to  1.5  per  cent  acidity  to  phenol-phthalin  in 
order  that  the  colon  bacillus,  which  is  now  planted  in  it,  may  grow 
well.  Inoculate  with  a  reliable  culture  of  B.  coli  communis,  using  10 
c.  c.  of  a  twenty-four-hour-old  bouillon  culture  for  each  liter  of  meat 
infusion.     Grow  at  37^  C.  for  twentv-four  hours.     Add  the  white  of 


«Joum.  Exper.  Med.,  vol.  4,  nos.  3-4,  1899. 
(35) 
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one  egg  for  each  liter  of  infusion.  Heat  gentl}^  for  twenty  minutes 
to  coagulate  the  albumin,  and  then  filter  while  hot  through  paper. 
Weigh  the  amount  of  filtrate  obtained  and  add  sufficient  water  to  make 
up  the  loss  to  the  original  amount.  Take  the  reaction  again  and 
neutralize  with  sodium  hj'drate  to  an  acidity  of  0.5  per  cent,  then 
add  1  per  cent  peptone  and  one-half  per  cent  sodium  chlorid  and  0.1 
per  cent  dextrose.  Heat  again  for  twenty  minutes  in  .streaming  steam 
in  an  open  autoclav.  Again  take  reaction,  neutralize  and  repeat  until 
the  reaction  of  the  infusion  is  just  0.5  per  cent.  The  medium  is  now 
filtered  through  paper  and  filled  into  Fernbach  flasks,  test  tubes,  etc. 
These  are  sterilized  in  the  autoclav  at  a  temperature  of  120^  C.  for 
twent}'  minutes. 

The  fermentation  tubes  prepared  and  sterilized  without  the  addition 
of  the  0.1  per  cent  of  dextrose  are  now  planted  with  a  3'oung  culture 
of  the  colon  bacillus  and  incubated  fort^'-eight  hours.  If  there  is 
no  muscle  sugar  present  the  growth  stops  sharph'  at  the  closed  end 
without  gas  production  and  the  reaction  of  the  medium  in  the  closed 
and  open  arms  is  about  the  same. 

Test  tubes  are  also  filled  and  the  final  reaction  is  taken  from  the 
medium  in  one  of  the  test  tubes  which  were  .sterilized.  The  reaction 
is  alwa3's  found  to  ri.se  about  0.1,  due  perhaps  to  the  formation  of  acid 
salts  b}"  the  heat  of  sterilization. 

Our  strongest  toxines  were  obtained  by  adding  the  dextrose  after  the 
final  sterilization  and  at  the  time  of  inoculation,  confirming  the  results 
obtained  b}'  Hitchens  working  with  Kin3'oun. 

The  reaction  of  the  bouillon  u.sed  to  grow  the  diphtheria  culture  is 
very  important  if  we  desire  to  obtain  a  strong  poison.  The  reaction 
of  the  })ouillon  we  use,  0.5  per  cent  acid  to  phenol-phthalin,  is  dis- 
tinctly alkaline  to  litmus. 

The  diphtheria  bacillus  during  the  first  period  of  its  growth  always 
produces  an  increased  acidity  in  the  bouillon.  The  culture  used  in 
this  laboratory  causes  a  marked  ri.se  in  acidity  during  the  first  twent}'- 
four  or  forty-eight  hours  and  then  a  gradual  change  to  alkali  produc- 
tion, .so  that  b}'  the  seventh  day  the  reaction  of  the  culture  has  returned 
to  about  its  original  point,  0.5  per  cent. 

Park  and  ^^'illiams,  and  also  Theobald  Smith,  have  shown  that  an 
excess  of  acid  in  the  medium  is  detrimental  to  the  production  of 
.strong  poisons.  The  rise  in  acidity  above  noted  amounts  to  1  to  1.5  per 
cent.  The  reaction  of  the  medium  therefore  never  l)ecomes  more  acid 
than  1.5  to  2  per  cent,  using  phenol-phthalin  us  an  indicator.  A 
bouillon  which  is  1.5,  per  cent  acifl  to  phenol-])hthalin  is  still  distinctly 
alkaline  to  litnuis. 

The  method  as  above  desciilied  has  given  the  best  results  in  this 
laboratory.  With  it  \vc  have,  in  one  instance,  obtained  a  toxine  so 
strong  that  0.000b  c.  c.  was  sufficient  to  kill  standard  weight  guinea 
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pigs  within  four  dsiys.  We  not  infrequontly  obtain  toxines,  the  MLD 
of  which  is  0.005  c.  c.  However,  such  favorable  results  are  not 
always  obtained.  Sometimes  for  several  weeks  in  succession  our 
toxines  have  failed  to  kill  guinea  pigs  in  doses  as  large  as  0.01  c.  c. 

It  must  be  evident  to  anyone  who  has  had  practical  experience  with 
the  manufacture  of  diphtheria  antitoxin  that  there  are  factors  con- 
cerned in  the  production  of  a  strong  poison  that  are  not  at  all  under- 


FiG.  5. — Method  of  filtering  the  culture.    Flask  for  atoriiiR  flir  toxim-  in  li\ilk  with  Maasen  month 

piece. 

stood.  It  is  sometimes  discouraging  to  those  who  take  especial  pains 
to  comply  with  all  the  requirements  believed  to  favor  the  production 
of  strong  tf)xinos  to  find  that  other  la))()rat()ri(\s  who  use  simpler 
inetliods  obtain,  on  the  average,  poisons  of  etiual  and  sometimes  supe- 
rior toxicity. 

Koux  and  Yersin"  noticed  that  the  toxicity  of  a  liquid  increased  more 
nipidly  iind  more  regularly  when  the  culture  is  grown  in  the  presence 


«  Mac<^,,  K :  Traits  pratique  de  bacteriologie.     pp.  589-590. 
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of  air  frequently  renewed.  They  passed  filtered  air  across  the  surface 
of  the  culture.  This  i)rocedure,  once  widel}'  employed,  has^novv  been 
generally  abandoned,  it  having  been  found  that  it  is  sufficient  to  have 
a  large  surface  of  the  culture  exposed  to  air.  It  is  now  the  universal 
practice  in  almost  all  laboratories  to  grow  the  toxine  in  shallow  layers 
of  broth  contained  in  flat-bottomed  vessels  such  as  the  Fornbach  flask. 

Spronck^'  believed  that  the  presence  of  glucose  in  the  bouillon  pre- 
vents the  bacillus  of  diphtheria  from  producing  strong  toxic  sub- 
stances. He  recommended,  in  order  to  eliminate  the  glucose,  to  use 
meat  aged  almost  to  the  point  of  putrefaction.  He  also  recommended 
that  care  should  be  taken  to  use  a  peptone  freed  from  glucose  and  the 
addition  to  the  })ouillon  of  0.5  per  cent  of  sodium  chlorid  and  a  small 
quantity  of  carbonate  of  lime. 

NicoUe*  used  fresh  beef  killed  the  same  morning.  He  added  2  per 
cent  peptone  and  5  per  cent  salt. 

Park  and  Williams'"  recommend  the  employment  of  a  decidedly  alka- 
line bouillon,  containing  2  to  4  per  cent  peptone.  They  obtained  the 
best  results  with  a  bouillon  distinctly  neutral  to  litmus  and  then  an 
additional  T  c.  c.  of  normal  soda  per  liter.  Such  a  bouillon  has  a  dis- 
tinct alkaline  reaction  to  litmus. 

Martin''  insists  that  the  bouUion  should  be  made  with  a  fluid  peptone 
obtained  from  the  stomachs  of  hogs. 

Spronck,*"  in  his  second  process,  reported  success  by  growing  the 
culture  in  a  decoction  of  3'east. 

In  man}"  laboratories  a  preference  is  given  for  the  simplest  methods, 
using  an  ordinary  bouillon  distincth'  alkaline,  following  the  recom- 
mendations of  Park  and  Williams, 

The  methods  used  in  this  laljoratorj^,  as  previousl}'  described,  are 
largeh'  taken  from  the  experimental  work  of  Theobald  Smith. 

Nt'utralization. — The  reaction  is  taken  with  phenol-phthalin  as  an 
indicator  as  follows: 

To  5  c.  c.  of  the  bouillon  add  45  c.  c.  of  distilled  water  plus  1  c.  c. 

of  a  0.2  per  cent  solution  of  phenol-phthalin  in  95  per  cent  alcohol. 

.  .  .  N  .         . 

Heat  to  l^oiling  and  titrate  while  nearly  boiling  with  a  ^^.  solution  of 

'^'Spronck:  Sur  leg  conditions  dont  depend  la  production  du  poison  dans  les  cul- 
tures diphteriques.  Moyen  simple  de  preparer  une  toxine  tres  active.  <Ann.  de 
rinst.  Pasteur,  IX,  1895,  p.  758. 

^Nicolle:  Preparation  de  la  toxine  diphteriqne.  <;Ann.  de  I'lnst.  Pasteur,  10, 
1896,  p.  3:^3. 

''Park  &  Williams:  The  production  of  diphtheria  toxin.  <  Journ.  exper.  med., 
1,  1896,  p.  164. 

</ Martin:  Production  de  la  toxine  diphteriqne.  <Ann.  de  I'lnst.  Pasteur,  12, 
1898,  p.  26. 

'^Spronck:  Preparation  de  la  toxine  di])hterique;  suppression  de  I'emploi  de  la 
viande.     <Ann.  de  I'lnst.  Pasteur,  12,  1898,  p.  701. 
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sodium  hjxlrate.  The  reaction  is  indicated  by  the  first  appearance 
of  a  distinct  rose-red  color,  best  seen  in  a  white  porcelain  dish  before 
a  well-lig'hted  window. 

.         N 
Example:  '2.6  c.  c.  of  the  on  NaOH  solution  is  found  necessar}'  to 

neutralize  5  c.  c.  of  the  bouillon  in  order  to  obtain  the  desired  acidity 
of  U.5  per  cent,  add  2.1  c.  c.  (2.6—0.5  =  2.1),  of  the  normal  soda  solu- 
tion (10  to  1,000)  to  each  100  c.  c.  If  an  acidit\'  .of  1..5  per  cent  is 
desired,  add  1.1  per  100  c.  c.  (2.6  —  1.5  =  1.1). 

Each  lot  of  bouillon  is  numbered  and  a  complete  record  kept  of 
ever}'  stao^e  of  the  operation  upon  the  blank  shown  in  fig,  6." 

The  bouillon  is  distributed  in  modified  Fernbach  flasks,  presenting 
a  large  surface  to  the  air  for  pellicle  growth.  Seven  hundred  and  iifty 
c.  c.  of  the  bouillon  is  placed  in  each  flask. 

The  freshh'  prepared  media  is  inoculated  upon  the  surface  from  a 
twenty-four-hour-old  culture  by  means  of  a  platinum  spoon. 
The  flasks  are  incubated  for  seven  days  at  37.5-  C. 
Thev  are  then  removed  and  examined  for  purity  by  means  of  cover 
slips.     All  atypical  growths  are  discarded. 

The  final  reaction  of  the  culture  when  taken  from  the  incubator  is 
taken  for  each  flask.  This  usually  varies  from  0.6  to  O.S  per  cent. 
Very  acid  results,  such  as  1.5  or  over,  would,  according  to  Smith's 
work,  indicate  the  absence  of  a  strong  poison  and  may  be  discarded 
Avithout  further  testing  upon  guinea  pigs. 

The  bouillon  is  now  filtered  through  a  pear-shaped,  unglazed  porce- 
lain filter  or  a  Berkefeld  candle  Ijy  means  of  a  vacuum.  The  arrange- 
ment for  filtering  tlie  virus  is  shown  on  page  3s.  This  diagram  also 
illustrates  the  character  of  the  flask  used  to  store  the  toxine  in  bulk. 
It  is  very  convenient  to  draw  off  small  amounts  from  time  to  time  by 
means  of  the  siphon  and  Maasen  nozzle  without  danger  of  contamina- 
tion. The  especially  strong  and  otherwise  suitable  toxines  are  bottled 
from  these  flasks  without  the  addition  of  any  preservative. 

lioitHiKj  (Did x>i't:>ierving. — The  toxine  is  kept  in  bulk  in  the  2  liter 
bottle  shaped  flasks  described  above,  and  later  di\ided  into  small 
ground-glass  stoppered  bottles  holding  5  and  1(>  c.  c.  each. 

The  small  bottles  are  filled  to  the  neck  with  the  toxine  and  the 
stopper  inserted  so  that  the  aii-  is  ull  displaced  and  the  fluid  completelv 
fills  the  vial. 

A  minute  (piantity  of  sterilized  li(piid  petrolatum  is  touched  to  the 
ground  glass  of  the  stopper  so  as  to  prevent  the  two  surfaces  of  glass 

"I  am  iii.lcl)te(l  to  Dr.  Herbert  I).  Pease,  director  of  the  antitoxin  laboratory. 
New  York  State  department  of  healtli,  for  sugpostions  on  the  method  of  keepintr 
ri'conls  on  tlie  card  system  shown  in  fifrs.  4  aii<I  (>.  Doctor  Pease  very  kindly  let 
iiic  liiivc  blanks  used  by  him,  which  were  modifieil  to  suit  our  purposes. 
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sticking  to  each  other.  As  it  is  probable  that  some  of  these  bottles 
will  be  kept  for  3'ears,  this  may  be  an  important  detail.  Tlie  neck  of 
the  bottle  is  carefulh'  dried  and  then  quickly  dipped  into  melted  paraffin 
with  a  high  melting  point  so  as  to  seal  the  joint  completely  and  prevent 
evaporation  or  contamination. 

Each  bottle  is  labeled  and  stored  in  a  special  ice  box  kept  at  a  con- 
stant temperature  of  5°  C. 

It  will  be  seen  that  according  to  this  method  the  toxine  is  kept  in 
absolute  darkness,  free  from  contact  with  the  oxj'gen  of  the  air,  and 
at  an  equable  and  low  temperature.  By  the  use  of  the  ordinarj'  bac- 
teriological precautions  the  addition  of  a  preservative  as  toluol  and 
similar  substances  is  rendered  unnecessarv. 


TESTING   THE   TOXINE. 

It  is  first  necessar}'  to  determine  the  minimal  lethal  dose  of  the  tox- 
ine with  approximate  accuracy.  Weak  poisons  are  discarded.  A  fresh 
toxine  requiring  more  than  0.01  c.  c.  to  kill  a  250-gram  guinea  pig  is 
too  weak  for  the  purposes  of  this  special  work. 

If  the  preliminar}'  tests  show  that  the  poison  has  the  required  tox- 
icity', its  minimal  lethal  dose  must  then  be  accurately  determined. 
This  may  require  a  number  of  animals. 

After  the  absolute  toxicit}'  of  the  poison  has  been  determined  it  is 
necessary  to  establish  the  L+  and  the  L"  doses.  An  illustration  of 
how  these  doses  are  obtained  follows.  These  results  are  taken  from 
our  records. 

Tests  to  determine  the  L-\-  dose  of  toxine  Xo.  7. 


Result. 


1  immunity  unit  +0.19  c.  c.  toxine 
1  iminuiiity  unit  +  .20  c.  c.  toxine 
1  immunity  imit  +  .21  c.  c.  toxine 
1  immunity  unit  -f    .22  c.  c.  toxine 


Invariably  causes  late   paralysis,  never 

acute  death. 
Sometimes    causes    late    paralysis    and 

sometimes  acute  death. 
Always  causes  acute  death   about   the 

fourth  day. 
Always  causes  acute  death,  usually  on 

the  second  or  third  dav. 


The  L-|-  do.se  of  tliis  toxine  is,  therefore,  just  0.21  c.  c. 
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Tests  to  determine  the  L"  dose  of  toxine  No.  7. 


1  immunity  unit  +  0.14  c.  c.  toxine 
1  immunity  unit  +  .15  c.  c.  toxine 
1  immunity  unit  +    .16  c.  c.  toxine 

1  immunity  unit  +  .17  c.  c.  toxine 
1  immunity  unit+  -18  c.  c.  toxine 
1  immunity  unit  +    .19  c.  c.  toxine 


Result  at  iiutopsy  forty-eight  hours  after  inocu- 
lation. 


No  visible  reaction. 
No  visible  reaction. 

Slightest  possible  congestion  about  car- 
bon particles,  or  no  reaction. 
Apparent  reaction  at  site  of  inoculation. 
Injection  and  edema  at  site. 
Injection  and  edema  at  site. 


The  L"  dose  of  this  toxine,  therefore,  is  0.16  c.  c. 

These  figures  are  actual  results  obtained  with  our  toxine  No.  7. 

If  the  interval  between  the  LH-  and  the  L°  dose  is  greater  than 
15xMLD,  the  toxine  contains  too  great  a  proportion  of  toxones,  etc., 
and  should  not  be  used  for  testing  the  strength  of  antitoxin.  If  it  were 
possible  to  obtain  ideally  pure  toxines  in  which  the  interval  between 
the  L-f-  and  the  L"  dose  was  onl}"  one  minimal  lethal  dose,  our  prob- 
lem would  be  simplified.  Unfortunately  such  a  poison  has  only  once 
been  demonstrated.  However,  by  these  preliminary  tests  upon  a 
number  of  poisons  we  select  the  most  suitable  for  the  purposes  of  this 
special  work. 

Having  selected  a  suitable  poison,  it  is  now  laid  aside  to  season. 
For  this  purpose  the  toxine  should  be  kept  in  l)ulk,  so  that  the  process 
will  be  uniform  throughout  the  mixture.  If  it  is  kept  in  dili'used 
light  at  room  temperature,  the  changes  will  take  place  quicker  than  if 
kept  in  the  ice  box.  At  intervals  of  about  a  month  the  toxine  is  tested 
in  order  to  determine  the  rate  of  change.  These  examinations  will 
disclose  the  fact  that  the  toxicity  gradually  diminishes  and  the  L+ 
dose  increases.  These  alterations  take  place  progressively  until  the 
poison  arrives  at  a  stage  of  equilibrium.  Here  it  may  remain  for  a 
long  time.  A  short  time  before  this  stage  of  equilibrium  is  reached  it 
is  best  to  divide  the  toxine  into  small  bottles,  excluding  the  air,  in  order 
to  guard  against  loss  by  accident  or  contamination,  and  store  the  entire 
lot  in  a  cold  place  protected  from  light. 

The  toxine  can  not  be  depended  upon  for  the  purpose  of  testing  the 
antitoxin  until  this  stage  of  equilibrium  is  reached.  After  a  var3'ing 
length  of  time  the  toxine  will  again  show  change  in  toxicity,  and  when 
this  second  period  of  change  sets  in  the  toxine  should  be  discarded  as 
no  longer  serviceable  for  the  purposes  of  these  tests. 

As  soon  as  the  toxine  has  reached  its  stage  of  stability  or  equilib- 
rium, that  is,  when  the  test  dose  remains  constant,  it  is  necessarj^  to 
determine  this  test  dose  (L+)  with   the  greatest  possible  accuracy. 

The  well-standardized  toxines   used  in  this   laboratory  are  tested 
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against  the  imniuiiity  unit  every  week  or  two  in  order  to  assure  oui- 
selves  that  they  are  not  undergoing  ehange.  A  number  of  carefully 
tested  toxin»^s  are  always  kept  on  hand,  so  that  we  may  have  a  double 
test  of  the  serums  we  are  standardizing,  as  well  as  to  guarantee  against 
changes  in  the  toxines  which  maj'  set  in  suddenly. 

The  exact  standardization  of  a  toxine  takes  considera))le  time  and 
we  therefore  can  not  depend  upon  one  poison.  The  exact  L+  dose 
of  a  well-seasoned  toxine  is  the  keynote  of  the  whole  testing  opera- 
tion. Without  this  test  dose  good  results  are  impossible.  Every 
eti'ort  must  be  made  to  obtain  a  relial)le  poison  that  answers  all  the 
requirements  and,  having  such  a  toxine,  to  maintain  it  luider  the  most 
careful  conditions  in  order  to  keep  it  in  a  stat(»  of  etjuilibrium  as  long 
as  possible.  As  the  toxine  grows  old  the  tests  naturally  multipl}'  in 
number  and  increase  its  reliability  for  the  purpose  of  determining  the 
unit  strength  of  antitoxins. 

On  account  of  the  importance  of  the  L+  dose  1  exhibit  here  a  series 
of  L+  tests  showing  the  character  of  the  results  obtained  by  the 
poison  after  it  has  gained  its  stage  of  equilibrium. 

Table  giving  the  results  of  tests  on  Toxine  iVo.  7  for  L^  dose,  using  0.21  c.  c.  of  the  toxine 
against  one  immunity  unit,  from  October  24,  1904,  to  December  22,  1904. 


Guinea  pig  Time  of 
No.  death. 


395 
453 
454 
544 
545 
546 
.547 
601 
602 

603 
604 
605 

621 
622 

623 
624 
625 
693 
694 
695 
696 
697 
750 
751 

752 

753 

754 
806 
809 
855 
856 
857 
858 


Dys.  hrs. 
3       0 


3  13 
3  6 
1      18 


2      12 


Clear  serous  fluid  in  pleu- 
ral cavities. 


Omentum,  mesentery. and 
broad  ligament  inject- 
ed, etc. 

Clear  fluid  in  pleural  cav- 
ity. 


Peritoneum  discolored 
and  petechia'  through- 
out. 

Some  peritoneal  reaction 
and  clear  serum  in  pleu- 
ra;. 

Nothing    unusual,    adre- 
nals congested,  local  re- 
action. 
Do. 


Usual  reaction. 


Guinea  pig    Time  of 
No.  death. 


859 
860 
903 
904 
905 
948 
949 
950 
951 
984 
985 
986 

987 
988 
989 

1063 
1064 
1065 
1066 
1067 
1068 
1069 

1124 

1125 
1126 
1127 
1128 
1129 
II.dO 
1151 

1162 
1153 
1154 

1165 
1156 


Dys.  hrs. 
2      20 
2      15 
3 
3 
6 
3 
3 
3 
3 
3 
1 
1 


Usual  reactions. 
Do. 


Pneumonia. 

Peritonitis;     serous    exu- 
date; omentum  very  red. 

Pneumonia. 

Clear   .serum    in    pleural 
cavities. 


Pneumonia,    both    upper 

lobes. 
Spleen    and    liver    show 

sharply  defined  caseous 

areas. 


Usual  reaction. 


Severe     peritoneal    reac- 
tion. 
Peritoneal  fat  injected. 

Clear   senun    in    pleural 

cavities. 
Usual  reaction. 
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During  two  months  covered  by  the  table  every  one  of  the  68 
animals  injected  with  0.21  c.  c.  of  this  toxine,  mixed  with  1  innnunity 
unit,  died  acutely.  None  recovered.  Most  of  the  guinea  pigs  died  on 
the  fourth  day.  As  we  usually  inoculate  our  animals  at  about  3  o'clock 
in  the  afternoon,  animals  dying  between  three  days  two  hours  and 
four  days  two  hours  will  appear  on  the  autopsy  ta]>le  on  the  fourth 

da  v. 

Animals  dying  before  the  fourth  day  usually  show  at  autopsy  some 

reason  for  this  increase  of  susceptibility. 

The  following  tables  used  for  diluting  our  toxines  for  MLD  and  L+ 

doses  will  be  found  useful : 

TABLES  FOR  DILUTING  TOXINES  FOR  MLD. 


Flr:^t  dilution. 

1+99  =  1:100 

Second  dilution. 

1  of  first  dilution+19  =  l:  5000 


1  of  first  dilution+39  =  l:  4000 


1  of  first  dilution+29  =  l:  3000 


1  of  first  dilution+l)  =  l:1000 


1  c. 

c. 

=.0002 

1.5  c. 

c. 

=.0003 

2  c. 

c. 

=  .0004 

2.6  c. 

c. 

=  .0005 

3  c. 

c. 

=  .0006 

O.S  c. 

c. 

=  .0002 

1  c. 

c. 

=  .00025 

1.2  c. 

c. 

=  .0003 

1.6  c. 

c. 

=  .0004 

2  c. 

c. 

=  .0005 

2.4  c. 

c. 

=  .0006 

2.8  c. 

c. 

=  .0007 

3.2  c. 

c. 

=  .0008 

0.9  c. 

c. 

=  .0003 

1   c. 

c. 

=  .00033 

1.2  c. 

c. 

=  .0004 

1.5  c. 

c. 

=  .0005 

1.8  c. 

c. 

=  .0006 

2.1  c. 

c. 

=  .0007 

2.4  c. 

c. 

=  .0008 

2.7  c. 

c. 

=  .0009 

3  c. 

c. 

=  .001 

1.  c. 

c. 

=  .001 

1.5  c. 

c. 

=  .0015 

2  c 

c. 

=  .002 

2.5  c 

c. 

=  .0025 

3  c 

c. 

=  .003 

46 

TABLES  FOR  DILUTING  TOXINES  FOR  J/L7>.— Continued. 


First  dilution. 

- 

1+49  =  1:50 

Second  dilution. 

1  of  first  dilution+<J  =  1:500 

1       c.  c.  =  .002 

1.5    c.  c.=.003 

2       c,  c.=.004 

2.5    c.  ('.  =  .005 

3       c.  c.  =  .006 

First  dilution. 

1+29  =  1:30 

Second  dilution. 

1  of  first  dilution+9  =  l:  300 

0.9    c.  c.  =  .003 

1       c.  c.  =  .0033 

1.05  c.  c.=. 0035 

1.2    c.  c.  =  .004 

1.35  c.  c.=.0045 

1.5    c.  c.  =  .005 

1.65  c.  c.  =  .0055 

1.8    c.  c.  =  .006 

1.95  c.  c.  =  .0065 

2.1    c.  c.  =  .OOT 

2.25  c.  c.=.0075 

2.4    c.  c.=.008 

2.55  c.  c.=.0085 

2.7    c.  c.=.009 

2.85  c.  c.=.0095 

3       c.  c.=.01 

1+99=1:100 

1     c.  c,=.01 

1.5  c.  c.=.015 

2     c.  c.=.02 

2.5  c.  c.  =  . 025 

3     c.  c.=.03 

1+49  =  1:50 

1     c.  c.=.02 

1.5  c.  c.  =  .03 

2     c.  c.=.04 

2.5  c.  c.  =  .05 

3     c.  c,=.06 
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TABLES  FOR  DILVTING  TOXINES  FOR  3/LZ).— Continued. 
1+29=1:30 


.9 

c. 

c.=.03 

1.2 

c. 

c.  =  .04 

1.5 

c. 

c.=.05 

1.8 

c. 

c.  =  .06 

2.1 

c. 

c.=.07 

2.1 

c. 

c.=.08 

2.7 

c. 

c.=.09 

3 

c. 

c.  =  .l 

TABLES  FOR  DILUTING  TOXIXES  FOR  L+  DOSE. 


+19  =  1:20 

1       c. 

c.=.05 

1.1    c. 

c.=.055 

1.2    c. 

c.  =  .06 

1.3    c. 

c.  =  .065 

1.1    c. 

c.  =  .07 

1.5    c. 

c.  =  .075 

1.6    c. 

c.  =  .08 

1.7    c. 

c.  =  .085 

1.8    e. 

c.=.09 

1.9    c. 

c.  =  .095 

2       c. 

c.  =  .l 

2.1    c. 

c.  =  .105 

2.2    c. 

c.=.ll 

2.3    c. 

c.  =  .115 

2.1    c. 

o.  =  .12 

2.5    c. 

c.  =  .125 

2.0    c. 

c.  =  .13 

2.7    c. 

o.  =  .135 

2.8    c. 

c.  =  .14 

2.9    c. 

c.  =  .145 

3       c. 

(^  =  .15 

1+9  =  1:10 

1        c. 

c.  =  .l 

1.05  c. 

c.  =  .105 

1.1    c. 

c.  =  .ll 

1.15  c. 

c.  =  .115 

1.2    c. 

c.  =  .l  ' 
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TABLES  FOR  DIUTJXd  TOXINES  FOR  /.+   /XAS7.-C..n tinned. 


l+y=l:l(i 

1.25  c.  (-.  =  .125 

1.3    c.  c.  =  .13 

1.35  c.  c.  =  .135 

1.4    c.  c.^.U 

1.45  c.  c.  =.14r5 

1.5    c,  c.  =  .15 

1.55  c.  c.  =.155 

1.6    c.  c.=.16 

1.65  c.  c.  =  .165 

1.7  0.  c.=.n 

1.75  c.  c.  =.175 

1.8    c.  c.=.lS 

1.85  e.  c.  =  .185 

1.9    c.  c.  =  .19 

1.95  c.  c.=.195 

2       c.  c.  =  .2 

2.05  c.  c.=.205 

2.1    c.  c.  =  .21 

2.15  c.  c.=.215 

2.2    c.  c.  =  .22 

2.25  c.  c.  =  .225 

2.3    c.  c.=.23 

2.35  c.  c.=.235 

2.4    c.  c.  =  .24 

2.45  c.  ('.=.245 

2.5  c.  ('.  =.25 
2.55  c.  c.  =.255 

2.6  c.  c.=.26 
2.65  c.  c.  =.265 

2.7  c.  c.  =.27 

2.75  c.  ('.=.275 

2.8  c.  c.  =  .28 
2.85  c.  c.=.285 

2.9  c.  c.  =  .29 
2.95  c.  c'.  =  .2'.t5 

3        c.  (-.  =  .3 
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TABLES  FOR  DITJ'TIXd   TOXIXES  FOR  L^   DOSE— VonimncnX. 


1  +  4  =  1:5 


1  c.  c. ; 

1.1  C.  C.: 

1.2  0.  C.  : 

1.3  c.  C.: 
1.4c.  C.: 

1.5  C.   C. : 

1.6  C.    C. : 
1.7c.   C.: 

1.8  c.  c- 

1.9c.    C.: 

2  C.    C.: 

2.1  C.   C.: 

2.2  c.  C.: 

2.3  c.  c. 

2.4  0.  c. 

2.5  c.  c. 

2.6  c.  c. 

2.7  c.  c. 

2.8  c.  C.: 

2.9  c.  c. 

3  c.  c. 


.2 

.22 

.24 

.26 

.28 

.3 

.32 

.34 

.36 

:.38 
:.4 

.42 
.44 
.46 

:.48 
.5 

:.52 

.54 

:.56 

:.58 
:.6 


1+1  =  1: 


1  c.  c.  = 

1.1  c.  c.= 

1.2  c.  c.= 

1.3  c. 

1.4  c. 

1.5  c. 

1.6  c. 

1.7  c.  c.= 

1.8  c.  c.= 

1.9  c.  c.= 

2  c.  c. 


c.  = 
c.  = 
c.  = 
c.  = 


.0 

.55 
.6 
.65 
.7 

.75 

.8 

.85 

.9 

.95 


1 
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-No.  21— U5- 


THE  ANTITOXIN. 

Preparation. — The  antitoxic  .serum  was  prepared  at  Parke,  Davis  & 
Co.,  Detroit,  Mich.,  by  Passed  Asst.  Surg.  John  F.  Anderson,  Assist- 
ant Director  of  the  Hj-gienic  Laborator}.  \ 

Two  horses  were  selected  which  had  furnished  a  reliable  high  potency  ; 
serum.  These  horses  had  ])een  treated  in  the  usual  manner  b}^  grad-  > 
uall}'  increasing  doses  of  the  diphtheria  toxine.  \ 

From  horse  No.  781  six  liters  of  blood  were  drawn  on  June  14, 1904, 
at  9  a.  m.  The  blood  was  drawn  into  13  large  test  tubes,  each 
tube  containing  approximate]}"  500  c.  c.  Inmiediately  after  bleeding 
the  blood  was  placed  in  a  room,  the  temperature  of  which  was  about 
25^  C. 

The  next  day,  June  15,  at  8.30  a.  m.,  the  horse  was  again  bled  for  6 
liters,  also  into  12  tubes.  This  l)lood  was  placed  with  the  lot  drawn 
on  tlie  14th. 

After  the  blood  had  been  clotted  several  days  the  clear  serum  was 
poured  from  the  24  tubes  into  a  special  bottle.  Only  that  serum  which 
was  perfectly  clear  and  entirely  free  from  coloring  matter  was  used. 
As  the  serum  did  not  separate  from  this  blood  as  clearly  as  usual,  onl}" 
1,378  c.  c.  of  serum  were  obtained  from  the  24  tubes.  The  serum  was 
at  once  examint^d  for  potency  and  found  to  contain  approximatelv  500 
units.  It  was  also  tested  ])acteriologically  for  purity  and  no  growths 
were  obtained  in  ])ouill()n  tubes.  After  the  samples  were  taken  for 
testing,  20  c.  c.  of  pure  chloi-oform  were  put  into  the  bottle  with  the 
serum,  which  was  then  at  once  placed  in  the  ice  chest  at  a  tempera- 
ture of  1.7-"  C.  Chloroform  was  added  to  the  serum  to  prevent  any 
possibh^  contamination.  All  of  it  of  course  disappeared  with  the 
vacuum  under  the  drying  process. 

On  June  22  evaporation  of  the  serum  was  accomplished  by  bubbling 
dry  air  through  the  serum  with  a  moderate  vacuum.  The  vacuum 
varied  from  20  to  23  inches.  The  arrangement  for  drying  the  serum 
is  well  shown  in  the  accom})anying  illustration  (tig.  7).  The  serum 
was  syphoned  into  the  large  drying  tu])e  in  small  (piantities,  and  the 
warm  air  bul)bliiig  through  rapidly  dried  it  and  at  tiie  same  time  pre- 
vented the  formation  of  hard  cakes.  The  water  bath  surrounding  the 
tube  containing  the  serum  was  kept  at  about  35  C. ;  it  varied  from 
32^  to  36'^  C.  throughout  the  operation.     The  temperature  of  the  dry 
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air  passed  through  the  serum  was  kept  as  nearly  as  possible  at  33'^  C. ; 
it  never  exceeded  35°  C.  The  evaporation  proceeded  with  fair 
rapidity.  At  the  beginnino-  there  was  some  frothy  bubbling-,  but  that 
soon  subsided.  The  entire  lot  of  serum  was  dried  in  ten  and  a  half 
hours,  drying  in  large  sugar-like  flakes.  Very  little  adhered  to  the 
side  of  the  tube  and  there  were  no  hard  cakes.  , 

The  dried  serum  weighed  25  grams  and  was  readilj'  powdered  in  a 
sterile  mortar  to  break  up  the  larger  lumps  and  then  placed  in  a  spe- 
cial porcelain  grinder  with  porcelain  balls  and  rotated  for  several 
hours.  About  half  a  gram  of  the  powdered  serum  was  planted  in  a 
tube  of  bouillon,  which  showed  no  growth -tit  the  end  of  four  days. 

Horse  No.  590:  This  horse  was  also  bled  on  two  succeeding  days — 
June  20  and  21 — six  liters  being  taken  at  each  bleeding,  as  before. 
The  24  tubes,  each  containing  half  a  liter  of  blood,  were  placed  in  a 
room  with  a  temperature  of  approximatel}'^  25^  C.  After  clotting 
two  da^'s  the  serum  was  poured  off,  only  the  perfectl}'  clear  fluid 
entirely  free  from  coloring  matter  being  retained.  From  the  12 
liters  of  ))lood,  4,127  c.  c.  of  serum  were  obtained.  Samples  were  at 
once  taken  and  tested  for  purity  and  potency,  as  before,  with  satisfac- 
tory results. 

As  soon  as  the  samples  were  taken,  40  c.  c.  of  pure  chloroform  were 
placed  in  the  bottle  with  the  serum,  which  was  placed  in  the  ice  l)ox 
at  1.7^  C.  Upon  the  same  daj^  evaporation  of  the  serum  was  begun, 
proceeding  as  al)ove  described. 

The  evaporation  of  this  amount  of  serum  required  25  hours,  the 
temperature  of  the  air  and  water  bath  being  the  same  as  before.  This 
serum  dried  in  large  golden-colored  flakes,  which  were  partly  pow- 
dered in  the  sterile  mortar  and  then  put  into  the  ball  grinder  and 
reduced  to  a  fine,  almost  impalpable  powder. 

Four  hundred  and  five  grams  of  the  dried  serum  were  obtained. 
Half  a  gram  was  planted  into  })ouillon,  which  showed  no  growth  in 
three  days,  indicating  that  it  liad  lemained  free  from  contamination 
throughout  the  operation. 

JiottHiHi  and prexerv/ixj  the  seruin. — The  dried  serum  must  be  kept 
guarded  under  special  conditions  to  prevent  deterioration.  The  oxy- 
gen of  the  air  nuist  lie  excluded  in  order  to  retard  the  process  of  oxi- 
dation, which  rapidly  alters  the  antibodies,  especially  under  the  influ- 
ence of  light.  The  serum  is,  therefore,  always  l<ei)t  in  absolute  dark- 
ness. 

The;  scrum  must  be  i)erfectly  dry.  It  is  therefore  kept  under  the 
inlliience  of  phosphoric  anhydrid,  (PaOJ,  as  shown  in  the  accompany- 
ing illustration  (lig.  S).  Further,  the  serum  is  kept  in  a  specially  built 
ice  box,  maintained  jit  a  constant  temperature  of  5  C.  by  means  of 
ciicuhiting  l)rine. 
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The  little  hiilhs  in  which  the  serum  is  preserved,  sliowii  in  fij^-.  ,S, 
are  made  of  aiiiher  o-lass.  Tiie  foMowiiij^  method  is  used  in  lillino-  and 
sealing  these  bulbs: 

Cotton  is  first  introduced  in  the  neck  as  far  as  the  constriction. 
Then  about  1  gram  of  phospiioric  anhydrid  is  placed  in  one  of  the 
bulbs.  The  neck  through  which  the  acid  has  entered  tiie  little 
apparatus  is  now  seaU>d  oti'  by  tiie  blowpipe.  Then  al)out  l.'J  grams 
of  the  dried  serum  are  placed  in  the  other  bidb.     The  neck,  from  the 
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f  ic;.  s.— Ushiiped  tubes  used  for  i>rescn-ing  the  stainlarfl  seriini.     Kxiipl  size. 

serum  side,  is  comiected  witli  a  vacuum  apparatus,  and  as  soon  as  the 
vacuum  is  sufficiently  high  this  is  also  hermetically  sealed. 

Each  bulb  is  now  sealed  in  a  black  l)ox,  which  excludes  the  light, 
and  is  kept  in  the  ice  box  at  o    C.,  as  before  stated. 

From  this  an-angement  it  will  l)e  seen  that  the  powdered  seium  is 
kept  dry,  free  from  contact  with  the  oxygen  of  the  air.  guarded 
against  the  action  of  light,  and  preserved  at  a  constant  low  temi)era- 
ture. 
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Dissolving  the  drned  serum. — Once  eveiy  two  months,  or  whonovci- 
it  is  desired  to  test  the  serum,  one  of  these  bulbs  is  hiokcn  and  1  oram 
of  the  serum  carefully  weighed  and  dissolved  in  -physioloj^-icul  salt 
solution  (0.85)  one  part,  Price's  glycerin  two  parts. 

Testing. — This  glycerinated  solution  of  blood  serum  is  now  accu- 
rately standardized  in  order  to  determine  its  precise  antitoxic  \alue  in 
terms  of  Ehrlich's  immunity  unit. 

The  numl)er  of  imnumity  units  contained  in  a  given  quantity  of  the 
serum  is  determined  I)V  the  test  (L+)  dose  of  toxine. 

That  quantity'  of  serum  necessary  to  add  to  the  L-)-  dose  of  the 
toxine  so  that  the  mixture  will  kill  the  guinea  pig  on  about  the  fourth 
day  contains  just  one  immunity  unit.  In  the  commercial  testing  of 
serums  in  order  to  have  a  coefficient  of  safetv  it  would  be  safer  to 
require  the  pig  to  live. 

We  use  a  number  of  toxines,  the  L+  doses  of  which  have  been  very 
painstakingly  ascertained  on  a  large  number  of  animals.  The  details 
of  the  technique  hy  which  this  part  of  the  testing  is  carried  out  will 
be  found  under  the  caption  "Methods  used  in  making  the  unit,"  and 
need  not  be  repeated  here. 


THE    METHODS    USED    IN    MAKING    THE    UNIT. 

The  glassware. — The  glasswurc  einplo3"ed  In  making  the  ininuinity 
unit  for  standardizing  toxines  and  antitoxins  is  used  for  no  other  pur- 
pose. To  a  certain  extent  the  ghissware  used  for  measuring  jitkI 
diluting  the  toxines  is  kept  separate  from  that  used  for  the  serums. 

The  pipettes,  burettes,  graduated  flasks,  and  mixing  cylinders  have 
been  carefull^^  calibrated  or  standardized  by  the  Bureau  of  Standards, 
to  whom  we  are  under  man}"  obligations,  not  only  for  this  work  but 
for  suggestions  as  to  the  most  accurate  methods  of  measuring  precise 
amounts  of  fluids. 

So  far  as  possible  all  measurements  are  made  with  "capacity" 
instruments.  "'Outflow"  instruments,  made  "to  deliver"  given 
quantities,  are  only  used  in  the  measurements  of  the  final  dilutions, 
in  which  case  it  is  evidently  impossible  to  use  capacity  pipettes. 

The  glassware  used  for  the  purposes  of  this  special  work  has  been 
calibrated  with  particularly  fine  graduations  that  pass  halfway  or  all 
the  way  around  the  pii^ette,  burette,  or  neck  of  the  flask. 

The  diluting  fluid  is  measured  in  mixing  cylinders  of  a  particular 
design  made  for  me  by  Messrs,  F.  &  M.  Lautenschlager,  of  Berlin, 
Germany.  Two  of  these  mixing  cjdinders  are  shown  in  fig.  9.  We 
have  a  series  of  these  cjdinders,  each  measuring  quantities  in  intei"- 
vals  of  10  c.  c.  up  to  100  c.  c.  The  first  set  of  cylinders  is  graduated 
to  contain  from  0  to  10  c.  c,  the  next  size  from  10  to  20  c.  c,  then  20 
to  30  c.  c,  30  to  40-c.  c,  and  finally  90  to  100  c.  c.  It  will  be  noticed 
b}"  the  illustration  that  these  mixing  cylinders  are  sn})divided  into 
tenths,  which  makes  it  possible  to  measure  our  diluting  fluid  with 
great  accuracy.  It  will  also  be  seen  that  the  cyliiidei-s  have  neither 
neck  nor  shoulder,  and  that  the  ground-glass  stopper  fits  directly  into 
the  cylinder  without  a  constricti;)n.  The  internal  diameter  of  these 
cylinders  is  just  12  nmi.,  which  n^adily  permits  the  introduction  of 
any  one  of  our  pipettes.  The  smaller  pipettes  average  H  to  8  nun.  in 
outside  diameter;  the  larger  ones  do  not  exceed  10  nun.  Attention  is 
also  invited  to  the  fact  that  the  sliape  of  the  cylinders  readily  allows 
thorough  mixing  and  cleansing. 

We  also  use  a  style  of  mixing  flask,  shown  in  fig.  10,  which  was 
made  for  me  by  the  Arthur  II.  Th(mias  Company,  Philadelphia,  Pa. 
The  smaller  flask  is  graduated  to  contain  -19  and  50  c.  c. ;  the  larger 
flask  is  graduated  to  contain  98,  99,  and  100  c.  c.  As  we  have  frequent 
occasion  to  use  these  (luantitios,  the  flasks  are  particularly  convenient 
on  account  of  their  simplicity  and  comparative  cheapness.  It  will  be 
noticed  that  the  neck  has  no  shoulder,  or  constriction. 
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In  reading  the  proper  height  of  the  fluid  in  these  flasks  the  bottom 
of  the  meniscus  is  l)r()Uoht  just  to  the  line.  By  holding  a  black  sui- 
face,  such  as  a  piece  of  cloth,  beneath  the  level  of  the  fluid  the  reflec- 
tion makes  the  surface  of  the  fluid  stand  out  clearly  as  a  single  cui-ved 
line,  doing  away  with  the  annoying  reflections  that  otherwise  prevent 
accurate  readings.  This  black  curve  of  the  meniscus  is  best  seen 
against  a  white  background. 

The  use  of  the  "meniscus  visir  Idende"  of  Doctor  Gockel  greatlv 
facilitates  the  accurate  reading  of  burettes,  pipettes,  and  flasks.  This 
little  apparatus  is  exceedingly  simple.  It  may  be  improvised  in  any 
laboratory,  and  will  be  found  very  useful. 

All  the  glassware  used  in  this  work  is  cleaned  by  flrst  flushing  with 
cold,  then  with  hot  water,  in  order  to  remove  the  gross  dirt.  ^  It  is 
then  bathed  in  a  saturated  solution  of  bichromate  of  potassium  in 
concentrated  sulphuric  acid.  The  glassware  is  now  flushed  with  tap 
water  until  all  the  acid  i«  removed,  when  it  is  tinallv  rinsed  in  several 
changes  of  distilled  water  and  allowed  to  dry  in  the  air. 

All  glassware  is  sterilized  by  heat  at  125  'c.  for  one  hour,  and  kept 
under  the  usual  precautions  to  prevent  bacterial  contaminations. 

All  the  glassware  used  in  this  work  has  been  standardized  to  contain 
or  to  deliver  fluids  at  20^  C.  instead  of  15^^  C,  because  the  former 
more  nearly  approaches  the  usual  room  temperature  in  this  climate. 
The  serums  and  toxines  are  removed  from  the  ice  chest  a  sufficient 
time  before  using  to,  allow  them  to  stand  (in  the  dark)  until  they 
approach  the  room  temperature  before  they  are  measured  out. 

The  dlhithujfiuld.—WQ  use  "physiological"  salt  solution  (0.85  per 
cent,  sodmm  chlorid  C.  F.)  as  our  diluting  fluid  for  all  toxines,  serums 
etc.     This  salt  solution  is  made  up  in  bulk  with  distilled  water  and 
sterilized  by  steam.     It  is  always  used  at  room  temperature 

Bacte7'iolog;cal2)recautums.~A\\  the  work  is  done  under  the  usual 
bacteriological  precautions  to  prevent  contamination.  We  do  not 
observe  the  extreme  precautions  necessary  to  obtain  a  pure  culture  of 
an  organism.  The  toxine  and  antitoxin  are  of  course  kept  under  per- 
fectly sterile  conditions  and  all  the  glassware  with  which  they  come  into 
contact  IS  clean  and  sterile,  which  appears  sufticient  to  prevent  con- 
taminations entering  the  work  that  would  aliect  the  results  The 
Hutopsics  mad(>  In  this  laboratory  have  so  far  failed  to  reveal  anv  such 
infections  of  the  guinea  pig.  Cultures  were  made  from  1.54  consecu- 
tive guinea  pigs.  Some  of  the  heart's  blood  was  inoculated  into  bou- 
'llon  tubes.  Of  these  tubes  1(>8  remained  sterile:  growth  appeared  in 
•!♦»,  as  follows:  *  * 

A  coccniH  in 

Motile  haciliuH  in '".'"'.." ^^ 

Nonuiotilf  hacilliis  in 

CoccuH  and  l)acilinH  in "^ 
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\  study  of  the  histories  of  the  guinea  pigs  showing  the  presence  of 
l.actcriti  ill  the  blood  dis.losed  the  fact  th:it  most  of  them  were  prob- 
ably either  teriiiinul  or  post-nioitem  infections. 

METHOD   OF   USINCJ    THE    PIPETTES. 

In  order  to  ol)tain  accurate  results  with  pipettes  it  is  important  to 
use  them  in  the  same  wav  that  they  have  V)een  calibrated.  Ihis  applies 
l)oth  to  pipettes  which  have  been  graduated  ''to  deliver  a  given 
volume  as  well  as  to  pipettes  graduated  "to  contain"  a  given  volume. 
If  the  method  bv  which  the  pipettes  were  graduated  can  not  readily 
be  obtained  from' the  firm  making  them,  it  will  be  necessary  to  restand- 
arize  them  to  determine  several  points. 

With  deliverv  pipettes  it  is  essential  to  know  whether  they  are  to 
be  used  bv  blowing  out  the  last  drop  or  by  touching  the  point  of  the 
pipette  to  the  surface  in  ord(M-  to  remove  the  last  drop  that  adheres  to 

the  tip.  ,  .  ^.    1  • 

The  time  allowed  for  drainage,  after  the  pipette  is  emptied,  varies 
with  the  rate  of  flow  and  also  with  the  standard  methods  used  by  dif- 
ferent countries.  ,   .     ,  i    4.1. 

It  is  furthermore  verv  important  in  accurate  work  to  know  whethei 
pipettes  have  been  graduated  in  accordance  with  the  Mohr  liter  or  the 

true  (French)  liter. 

The  Mohr  liter  is  the  volume  occupied  by  1  kilogram  of  pure  water 
•it  17  5^  C  weiohed  in  air  against  brass  weights,  the  air  being  under 
normal  pressure  and  at  17.5     C.      The  volume  of   such   a   liter  is 

1,002.36  c.  c.  ,  •    1  1      ,  1  -1 

The  true  or  so-called  French  liter  is  the  volume  occupied  by  1  kilo- 
gram of  pure  water  at  4°  (1,  the  weighing  being  reduced  to  a  vacuum. 
The  volume  of  the  true  liter  may  l>e  assumed  e«p.al  to  1  000  c   c. 

Volumetric  apparatus  is  for  convenience  usually  graduated  to  con- 
tain or  to  deliver  true  cubic  centimeters  at  higher  temperatures  than 
i     C,  namely,  at  15^  17.5,  or  20^^   C,  the  standard  temperature 
beinc/marked  upon  the  apparatus.     The  ditlerenc-es  between  apparatus 
crvacU.ated  on  the  true  and  on  the  Mohr  systems  are  as  follows: 
^  If  standard  tit  15  ,  Mohr  apparatus  is  larger  by  2.30  c.  c.  per  liter. 
If  sfcindard  at  17.5  ,  Mohr  apparatus  is  larger  l>y  2.3r>  c.  c.  per   1  or. 
If  standard  at  20^  Mohr  apparatus  is  larger  by  2.42  c.  c.  per  liter. 
In  ordinarv   rough-and-ready   work  all  these   retinements   may  be 
disrecmrded,  but  in  certain  determinations  re.,uiring  great  precision  a 
nooUrct  of  these  details  may  cause  serious  ,M-ror. 

The.e  matters  were  brought  forcibly  to  my  attention  m  the  ^^olk 
of  making  the  standanluni^-  diphtheria  antitoxin. 

.1  .,n   in.lebtea   to  Dr.   b.  A.  Fischer,  Chief  of    the   Division  of    Weights  and 
Measures,  Bureau  of  Standards,  for  these  figures. 
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The  errors  in  u.sinc^  pipettes  ma}'  be  especially  manifest  in  measuring 
solutions  of  higher  density  or  greater  viscosit}-  than  water.  In  fact  it 
is  quite  impossible  to  obtain  even  approximately  correct  results  in 
measuring  such  solutions  as  glycerin,  Ijlood  serum,  etc.,  from  deliver}- 
pipettes.  This  fact  led  Ehrlich  to  use  the  capacity  pipettes  of  von 
Leybold  in  measuring  these  substances  in  making  his  unit  for  diphtheria 
antitoxin. 

1  have  found  the  methods  which  I  shall  now  describe  very  useful  in 
the  accurate  work  necessar}'  in  making  a  Government  standard  and 
believe  their  simplicity  and  accuracy  will  connuend  them  to  others. 

Method  of  %mrng  capacity  jpii)ettex. — The  pipettes  are  fitted  with  a 
rubber  bulb  at  their  upper  end  and  held  in  an  ordinary  retort  stand, 
as  mav  be  seen  by  reference  to  the  illustration  (tig.  12). 

The  rubber  bulb  is  clamped  between  the  jaws  of  the  compressor. 
The  fluid  is  drawn  up  into  or  expelled  from  the  pipette  by  tightening 
or  loosening  the  screw.  By  this  means  we  have  an  absolute  control 
over  the  height  of  the  column  of  fluid  in  the  pipette.  The  rubber 
l)ulb  takes  the  place  of  the  suction  usually  applied  by  the  mouth  and 
is  used  both  to  till  and  to  empty  the  pipette. 

In  using,  the  free  end  of  the  pipette  is  immersed  into  the  fluid  to  be 
measured,  and  by  loosening  the  screw  the  column  of  fluid  is  gradually 
brought  approximately  to  the  mark.  The  operation  is  repeated  once 
or  twice  so  as  to  wash  the  pipette  with  the  fluid  to  be  measured,  which 
is  Anally  drawn  a  little  above  the  graduation  mark.  Care  must  be 
taken  not  to  wet  the  interior  of  the  pipette  at  any  time  during  the 
process  of  measuring  more  than  1  to  2  mm.  above  this  mark,  because 
the  extra  wetted  surface  would  furnish  an  appreciable  error.  By 
holding  the  pipette  in  the  retort  stand  and  using  the  rubber  bulb  as 
shown,  such  accidents  are  much  less  likely  to  happen  than  is  the  case 
when  the  mouth  is  used  to  suck  the  fluid  up  and  down. 

The  outside  of  the  pipette  is  now  carefully  wiped  with  a  few  thick- 
nesses of  sterile  gauze.  Then  by  placing  the  gauze  to  the  free  end  of 
the  pipette  the  colunm  of  liquid  may  l)e  slowly  drawn  down  until  the 
meniscus  rests  directly  upon  the  line. 

The  contents  of  the  pipette  are  now  emptied  into  the  diluting  fluid, 
which  has  previously  been  measured  out,  and  the  pipette  nmst  be 
washed  out  thoroughly  by  fl rawing  the  fluid  up  and  down  sevei-al 
times,  again  using  the  rubbei-  bulb  for  this  purjjose. 

The  flask  containing  the  dilution  is  now  agitated  so  as  to  obtain  a 
(inil'onii  mixture  of  solution,  and  the  pipette  is  again  washed  in  and 
out  so  that  the  fluid  which  adheres  to  and  remains  in  the])ipette  is  the 
same  dibit  ion  :is  (he  mixture  in  the  flask.  A  larger  (juantity  of  dilu- 
tion is  always  made  than  re(|uired,  so  that  ali(|uot  parts  will  represent 
\cry  dclinitc  ((uaiititics  of  the  original  substances. 
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Fig  11  -Various  pipettes  used  in  the  work.  1.  A  delivery  pipette,  with  two  etehed  Jmnds.for  ready 
identification,  graduated  to  blow  out  the  last  drop.  2.  A  1  e.  e.  capaeity  pipette.  3.  A  4  c.  c. 
capacity  pipette.    4.  An  Ehrlieh  delivery  pipette  K'raduati.l  in  hun.lredths. 


Flii.  12.— Method  o£  i.siug  cu|iacit.v  pipcttc 
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The  whole  process  does  not  take  as  long  as  the  teliino-,  and  is  much 
quicker  and  more  accurate  than  the  ordinary  method  of  using  the 
pipettes  with  a  free  hand. 

31tthod  of  using  delivery  pipettes. — The  method  of  using  '"outflow" 
or  "delivery"  pipettes  differs  materially  from  that  of  using  capacity 
pipettes. 

The  rubber  bulb  is  attached  to  the  pipette  as  before,  but  in  this 
case  there  is  a  T  between  the  bulb  and  the  pipette.  From  this  T  a 
small  piece  of  rubber  tu))ing,  controlled  by  a  pinchcock,  is  located,  as 
may  be  seen  by  reference  to  fig.  13. 

The  pinchcock  is  kept  closed  while  the  pipette  is  filled  to  the  proper 
graduation,  which  is  accomplished  just  as  in  the  case  of  the  capacity 
pipettes  descril)ed  above. 

By  opening  the  pinchcock  the  contents  of  the  pipette  arc  allowed  to 
flow  out.  When  the  last  dro})  that  will  flow  out  of  its  own  accord 
escapes,  the  proper  time  is  allowed  to  elapse  for  drainage  and  the 
point  of  the  pipette  touched  to  the  surface.  By  this  procedure  a 
very  constant  quantity  of  fluid  remains  in  the  capillary  tip  of  the 
pipette. 

If  the  pipettes  have  been  standardized  to  blow  out  this  last  drop,  this 
may  be  done  convenienth^  by  closing  the  pinchcock  and  compressing 
the  rubber  bulb. 

The  soft  rubber  ear  syringes  sold  at  any  drug  store  make  very  good 
bulbs  for  this  work.  It  is  only  necessary  to  cut  ofl'  a  small  portion  of 
the  nozzle  of  the  ear  syringe.  The  thicker-walled  rubber  bulbs  made 
for  Koch  syringes  respond  more  (juickly  and  are  more  durable.  The 
illustrations  show  the  rubber  bull)s  attached  directly  to  the  mouth- 
pieces of  the  pipettes.  We  have  found  it  more  convenient  to  bring  the 
l)ulb  by  means  of  glass  and  rubber  tubing  to  the  base  of  the  retort 
stand. 

1  have  used  pipettes  in  accordance  with  these  two  methods  during 
the  past  twelve  months  in  work  with  toxines  and  antitoxins,  and  have 
concluded  that  they  are  quickei",  more  accurate,  and  more  satisfactory 
than  the  old  freehand  technique. " 

In  working  out  the  problems  connected  with  the  accurate  methods 
of  measuring  given  volumes  of  toxine  and  antitoxin,  I  have  had  the 
help  of  the  Bureau  of  Standards,  and  am  indebted  especially  to  Di-. 
L.  A.  Fischer  and  Mr.  N.  S.  Osborne,  of  the  Bureau,  for  many  useful 
suggestions. 

«  This  method  was  demonstrated  at  a  meeting  of  the  Society  of  American  Bacte- 

riologists^,  Philadelphia,  December  L'7,  1904. 


Fig.  i;t.— M(.tliu.l  »i  usint;  dclivfry  inpettes. 
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METHOD    OF    INOCULATl  N<i    TIIK    ANIMALS. 

The  method  used  for  inocuhitin^  the  ani- 
mals has  been  described  in  Bulletin  No. 
19  of  the  Hygienic  Laboratory,  Public 
Health  and  Marine-Hospital  Service,  en- 
titled '*A  method  for  inoculating  animals 
with  precise  amounts,"'  and  only  the  essen- 
tial features  as  applicable  to  this  work  will 
be  repeated. 

The  syringe  used  for  carrA'ing  out  this 
technique  is  a  modification  of  the  old  Koch 
syringe. 

The  needles  are  sterilized  separateh'  b}^ 
the  usual  method  of  boiling  in  a  1  per  cent 
sodium  carbonate  solution. 

The  needle  is  then  screwed  on  the  barrel 
of  the  syringe  and  the  joint  tested  by 
drawing  some  sterile  salt  solution  in  and 
out  several  times.  If  the  joint  is  tight  and 
the  needle  pervious,  the  outside  is  dried 
with  a  little  piece  of  sterile  gauze  and  the 
needle  is  now  plunged  into  a  jar  of  steril- 
ized an)olene.  The  albolene  acts  as  a  tem- 
porary plug,  preventing  any  of  the  fluid 
that  is  placed  in  the  syringe  from  escaping 
until  it  is  injected  into  the  animal. 

The  necessary  number  of  syringes  are 
prepared,  one  for  each  animal.  In  testing 
diphtheria  toxine  and  antitoxin  we  some- 
times have  a  battery  of  fifty  or  sixty  thus 
prepared,  arranged  on  the  rack  as  shown 
in  the  accompanying  diagram  (tig.  15). 

The  amount  of  fluid  desired  to  inject 
into  the  animal  is  now  carefully  measured 
directly  into  the  barrel  of  the  syringe. 
This  is  injected  into  the  animal  and  th(Mi, 
without  withdrawing  the  needle,  the  bulb 
is  removed.  The  necessary  quantity  of 
salt  solution  is  quickly  run  into  the  bar- 
rel, washing  down  the  sides,  and  this  in 
turn  is  injected  into  the  animal. 

When  the  syringes  contain  tluid  they 
can  not  be  inverted,  as  is  the  case  with  a 
piston  syringe.     It  is  not  necessary,  how- 
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ever,  to  hold  them  uprii^lit,  :is  iiiioht  ;ii  lirst  be  supposed.  They  may 
bo  tilted  to  a  j^reuter  tiut^le  tluiii  45  without  daiij^er  of  the  tluiu 
ruimino-  out. 

Each  glass  barrel  is  mmil)ered  with  the  number  of  the  experiment 
or  of  the  animal  to  receive  the  injection.  This  is  convenient  and 
avoids  confusion. 

The  s3'rinoes  arc  })repared  and  tilled  in  a  special  room  where  the 
exact  measuring  is  dune,  and  the  rack  is  then  found  handy  to  carry  the 
syringes  to  the  animal  room  where  the  work  of  injection  is  carried  on. 

In  using  this  metht)d  in  standardizing  diphtheria  antitoxin  it  is  ^ry 
important  to  shake  and  roll  the  syringe  very  actively  so  as  to  obtain 
an  intimate  mixture  of  the  toxine  with  tlie  serum. 

The  toxine  is  tirst  measured  into  the  s3n-inge  barrel,  then  the  diluted 
serum.  The  two  are  thoroughly  mixed  by  agitating  the  springe  and 
the  mixture  allowed  to  stand  at  room  temperature  in  ditt'used  light  one 
hour  before  it  is  inoculated  into  the  guinea  pig. 

The  dilutions  are  so  arranged  that  the  guinea  pig  always  receives  a 
total  of  4  c.  c.  of  fluid,  thereby  insuring  constant  pressure  efl'ects. 

We  always  dilute  our  serums  so  that  the  amount  of  antitoxin  desired 
will  be  contained  in  just  1  c.  c.  of  the  dilution.  It  is  preferable  to 
dilute'the  toxines  so  that  the  amount  of  desired  poison  will  be  con- 
tained in  2  c.  c.  or  less  of  solution.  In  this  way  we  have  at  least  1  c.  c. 
left  to  make  up  the  total  of  4  c.  c.  with  which  to  wash  out  the  s3^ringe 
barrel. 

THE    CUINEA    PIG. 

In  this  work  much  depends  upon  the  guinea  pig.  Animals  some- 
times show  such  marked  idios\'ncracies  in  their  reaction  to  certain 
poisons  that  it  is  remarUatdc  in  case  of  diphtheria  toxine  that  a  guinea 
pig  should  show  comparatively  little  of  this  individuality.  It  may  l)e 
stated  in  general  terms  that  the  guinea  pig  as  a  vital  factor  in  the 
standardization  of  diphtheria  antitoxin  is  quite  as  dependable  as  our 
ordinar}'  weights  and  measures. 

It  is  of  course  necessary  to  use  pigs  under  standard  or  normal  con- 
ditions, of  a  dcHnite  weight,  and  approximately  the  same  age.  They 
should  be  bred  from  reliable  stock,  and  fed  and  caged  so  as  to  insure 
vigorous  animals. 

In  order  to  meet  all  the  exacting  requirements  we  raise  oui-own 
guinea  pigs,  thus  insui'ing  animals  of  relial>le  and  constant  conditions. 
Our  pigs  are  fed  upon  oats  and  green  food  such  as  cabbage,  carrots, 
and  grass  in  season. 

Theobald  Smith  "  has  recently  shown  that  some  female  guinea  pigs 
five  birth  to  progeny  all  of  which  seem  to  show  a  marked  resistance 

"Smith,  Theobald:  Degrees  oi  giu«'ei)til>ility  to  diphtheria  toxin  among  guinea 
pigs.     Transmission  from  i)arent  to  offspring.     Jour.  med.  res.,  v.  13  (3),  p.  341. 
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to  the  diphtheria  toxine.  Such  hereditary  influences,  which  would  : 
seriously  aflect  the  results,  should  be  guarded  against  by  elimination  | 
of  this  stock. 

We/'y/it  of  the  gumea  j^i(/.—Ehr\ich.  prescribes  the  use  of  guinea  pigs 
weiohing  250  grams.  We  consider  a  pig  weighing  anywhere  from 
250  to  2S0  grams  as  complying  with  this  requirement. 

The  weight  of  a  young  guinea  pig  varies  with  the  quantity  of  food 
and  water  taken  and  the  activity  of  metabolism.  We  have  found 
young  hungry  pigs  to  eat  as  much  as  35  grams  in  a  da}'.  The  w^eight  of 
a  young  pig  will  ordinarily  change  from  10  to  20  grams  in  a  day, 
depending  upon  the  food  and  water  taken.  We.  therefore,  always 
weigh  our  guinea  pigs  in  the  morning  before  feeding  time.  We  some- 
times use  guinea  pigs  weighing  more  than  2S0  grams,  but  less  than 
350  grams,  for  our  first  work  on  a  toxine  or  serum  to  determine  its 
approximate  strength. 

In  our  experience  a  guinea  pig  weighs  about  100  grams  at  birth, 
and  is  between  six  and  eight  weeks  old  before  it  weighs  the  required 
250  grams.  Occasionally,  when  the  mother  gives  birth  to  onl}'  one, 
we  have  found,  under  such  favorable  conditions,  that  this  single 
oft'spring  may  gain  so  rapidly  as  to  weigh  250  grams  before  it  is  four 
weeks  old. 

We  do  not  alwa3's  have  enough  guinea  pigs  of  our  own  raising 
to  carry  on  the  work.  In  that  case  we  buy  from  reliable  dealers, 
insisting  on  pigs  weighing  less  than  225  grams,  so  that  we  never  use 
a  pig  that  has  not  been  in  the  laboratory  under  observation  ten  da3'8 
or  two  weeks. 

The  pigs  are  weighed  upon  a  spring- balance  scales.  These  scales 
are  sufficiently  accurate,  weighing  to  2.5  grams,  and  are  much  quicker 
and  more  convenient  than  pan  balances  with  weights. 

As  soon  as  the  young  pigs  are  old  enough  to  be  weaned  they  are 
divided,  separating  the  males  from  the  females.  Pregnant  female  pigs 
should  not  be  used  in  this  work. 

A  pig  having  been  selected  and  weighed  has  a  card  made  for  it  witii 
a  lough  diagram,  on  which  is  indicated  its  peculiarities  of  color  or 
other  marks.  This  is  a  satisfactory  method  of  identifying  the  animal. 
The  character  of  card  is  here  shown  (fig.  It!). 

7et/iitf'f/>((>  of  itpcvdfion. — The  abdomen  is  shaved  the  day  before 
operation,  clearing  the  site  of  operation  so  that  we  may  readily  see 
just  what  wc  are  doing.      An  ar(»a  about  2  inches  in  diameter  is  shaved. 

The  pi'e|);u!iti()n  of  ihe  animal  cai-cl  shown  in  fig.  Iti.  the  shaving, 
etc..  is  done  the  day  before  tiie  operation,  so  that  tiie  pig  is  not 
handled  inoi'e  than  lUM-essary  to  receiv(»  the  injection  on  the  day  of 
the  ope  tat  ion. 

The  pig  is  held  by  an  assistant  and  the  needle  introduced  in  the  left 
Hank  from  one-hall'  to  an   inch  above  the  supraspinous  process  of  the 
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ileum.  The  needle  is  introduced  its  whole  length  (1.25  inch)  strictly 
subcutaneoush'  toward  the  middle  line.  Tlii.s  part  of  the  operation 
is  arranged  so  that  the  point  of  the  needle  will  be  just  about  at  the 
linea  alba. 

It  is  of  the  greatest  importance  to  keep  the  needle  out  of  the  peri- 
toneal cavity,  and  care  must  also  be  exercised  not  to  pierce  the  skin 
too  superficially,  and  it  is  essential  to  keep  out  of  the  muscles. 

Probably  no  part  of  the  entire  procedure  is  more  important  than 
the  inoculation  of  the  toxine  and  antitoxin  into  the  proper  tissue  of 
the  guinea  pig.  By  always  injecting  the  toxine  into  the  same  tissues 
we  insure  three  factors:  (1)  The  rate  of  absorption,  (2)  the  pressure 
effects  are  relatively  the  same  in  the  same  anatomical  structures,  and  (3) 
the  relation  between  the  toxine  and  the  receptors  of  the  cells  and  body 
juices  is  comparativeh'  constant  when  the  injection  is  made  into  the  same 
anatomical  structures.  If  any  of  the  toxine  enters  the  peritoneal 
cavity  the  rapid  absorption  may  result  in  the  untimely  death  of  the  pig 
with  an  extensive  hemorrhagic  reaction. 

Still  greater  care  must  be  exercised  to  keep  the  toxine  out  of  the 
muscles.  This  point  was  brought  out  by  Ehrlich  and  has  since  been 
emphasized  bj^  S.  J.  Meltzer"  and  John  Auer  in  their  work  "On 
the  rate  of  absorption  from  intramuscular  tissue,''  with  curare  and 
adrenalin. 

It  has  been  shown  that  the  rate  of  absorption  from  muscular  tissue 
is  so  active  that  poisons  injected  into  the  muscles  are  apparently'  two 
and  throe  times  as  strong  as  when  injected  into  the  subcutaneous  tissue. 

Ehrlich  selects  for  the  site  of  injection  the  skin  at  the  median  line 
in  the  region  of  the  xiphoid  process  of  the  sternum,  and  is  careful  to 
insert  the  needle  purely  subcutaneously  by  pinching  up  the  skin 
which  is  loose  in  this  region. 

For  th(>  pui'posos  of  determining  at  autopsy  the  exact  site  at  which 
the  toxino  and  antitoxin  mixtures  have  ])oen  inoculated,  little  particles 
of  ])urnt  cork  are  used  by  Ehrlich.  In  this  lal)oratory  we  use  a  little 
sterilized  powdered  animal  charcoal,  simply  for  its  convenience. 
Upon  dissection  the  paiticles  of  carbon  may  plainly  be  seen  and 
show  the  place  where  the  Huid  was  injected.  This  technique  has  its 
particlar  value  in  determining  the  L"  dose. 

We  have  found  that  if  the  fluid  enters  the  proper  abdominal  layer 
it  produces  an  egg-shap(Hl  swelling  paralhd  to  and  overlying  the  linea 
alba. 

As  soon  as  tln^  toxine-antitoxin  mixture  is  injected  into  the'  animal 
lli(>  rnhhcr  l)ull>  is  rciuoNod  and  an  assistant  adds  the  necessary  amount 
of  s!il(  sohilioii  to  make  u])  the  4  c.  c.  which,  after  washing  down  the 


"  Mclt/.cr  it  Aiier:  On  Ilit>  nitc  of  ahsorplioii  Inmi  iiitniimiscuhir  tissiu-.      Am.  ined. 
(altHtrarl),  v.  It  (102),  .laii.  14,  l!l()r>,  p.  75. 
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sides  of  the  S3'ringe,  is  in  turn  foicod  under  the  skin.  Care  to  avoid 
the  injection  of  an  unniH-essary  :uuount  of  air  sliould  ))e  taken. 

The  inooulation  should  he  done  rapidly  and  without  unnccessaiy 
violence,  which  nia}'  attect  the  results.  A  trained  assistant  will  hold 
the  guinea  pig,  without  causing  struggling,  and  an  experienced  opei-- 
ator  will  cause  little  pain  other  than  the  prick  of  the  needle  through 
the  skin. 

Care  must  of  course  be  taken  in  inoculation  that  none  of  the  fluid 
escapes.     We  do  not  attempt  to  disinfect  the  skin. 

Effect  t/j)0})  the  gxdnen  pig. — After  inoculation  the  guinea  pigs  are 
kept  two  in  a  cage  and  not  disturbed  until  the  seventh  day.  Keeping 
many  animals  together  in  a  pen  may  give  irregular  results,  because 
the  strong  and  lusty  pigs  worrj'  the  sick  ones  and  may  hasten  their 
end.  Examining  the  pigs  too  often  or  too  roughly  must  also  be 
avoided.  Theobald  Smith  believes  that  palpating  the  edema,  caused 
by  the  reaction  of  the  toxine  at  the  site  of  inoculation,  ma}'  cause  the 
poison  to  break  be3'ond  the  confines  nature  is  setting  up  as  a  barrier, 
and  ma}^  thus  hasten  the  result.  We  have  found  that  there  is  little  to 
be  learned  in  weighing  or  examining  pigs  during  the  first  week,  and 
we  therefore  leave  them  undisturbed  during  this  time.  They  are 
weighed  on  the  seventh  da}'  and  each  week  following  until  the  fourth 
week,  when,  if  gaining  weight  and  in  good  condition,  the}'  are  passed 
from  observation, 

Guinea  pigs  that  show  late  eflfects  of  toxooie^  as  indicated  by  paral- 
ysis, will  do  so  some  time  after  the  fourteenth  day  and  before  the 
thirtieth  day  with  great  regularity.  The  facts  of  paralysis,  sloughs, 
ulcers,  etc.,  are  carefully  noted  on  the  records. 

When  an  animal  dies  an  autopsy  is  always  made  in  order  to  insure 
that  the  lesions  are  typical,  and  to  guard  against  the  possibility  of 
infections — pneumonia,  tuberculosis,  pseudotuberculosis,  etc.,  and  to 
insure  the  fact  that  the  toxine  was  not  injected  into  the  nuiscles  or  the 
peritoneum — which  may  have  rendered  the  animals  more  susce])til)l(\ 

The  guinea  pig  shows  a  remarkable  constancy  in  its  reaction  to  vary- 
ing amounts  of  the  diphtheria  poison.  Overpowering  doses  of  the 
toxine — say,  lOOxMLl) — almost  invariably  kill  the  animals  in  about 
twenty-four  hours.  It  is  with  the  rarest  exception  that  a  guinea  pig- 
will  die  as  a  result  of  the  diphtheria  poison  in  less  than  twenty  hours. 
Smaller  amounts  cause  the  death  of  the  animal  in  from  thirty-six  to 
forty-eight  hours.  As  we  api)roach  the  limit  of  the  minimal  l(>thal 
dose,  or  the  mixture  containing  the  L+dose  of  the  toxine  and  one 
immunity  unit,  we  find  one  of  three  results: 

(1)  The  animal  dies  from  acute  poisonnig  on  about  the  fourth  day. 

(2)  The  animal  develops  post-diphtheritic  paralysis  between  the  four- 
teenth and  thirtieth  days. 

(3)  Recovery. 
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The  first  result,  viz,  the  acute  death  of  the  guinea  pig,  is  of  special 
interest  to  us,  because  it  is  the  factor  which  determines  the  strength  of 
the  toxine  and  antitoxin. 

Guinea  pigs  dying  acutel}"  do  so  with  great  regularity  on  the  fourth 
day,  the  actual  time  averaging  about  three  days  twelve  hours.  Occa- 
sionall}'  guinea  pigs  will  die  between  two  and  a  half  and  three  and  a 
half  days  as  a  result  of  the  injection  of  a  minimal  lethal  dose  or  as  the 
result  of  an  injection  of  the  mixture  of  toxine  and  antitoxin  containing 
the  L+  dose  of  the  former  and  one  innnunity  unit  of  the  latter.  In 
these  cases  the  autopsy  will  often  show  a  reason  for  this  lack  of  resist- 
ance indicated  by  the  severit}'  of  the  reaction  and  especially  the  pres- 
ence of  pleuritic  exudates,  or  the  guinea  pig  ma^^  have  pneumonia  or 
some  other  disease.  Occasionalh^  more  resistant  animals  will  die  on 
the  fifth  da}',  rareh'  on  the  sixth  da}-,  and  very  exceptional!}'  on  the 
seventh,  eighth,  or  ninth  da3's. 

If  the  poison  is  not  sufficient  to  kill  the  animal  acutely  as  above 
described,  paralysis  ma}"  supervene.  The  symptoms  of  paralysis  do 
not  appear  before  the  fourteenth  day  and  usually  show  themselves  in 
the  legs.  The  hind  legs  are  commonly  aft'ected  first.  The  guinea  pig 
not  unusually  recovers  after  marked  paralytic  symptoms,  but  ordina- 
rily the  fore  legs  become  limp  and  useless,  respiration  indicating 
phrenic  involvement  makes  its  appearance,  and  death  supervenes. 
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EXAIVCINATION   OF  SERUMS   MADE  BY   LICENSED   MANUFAC- 
TURERS. 

The  act  of  Congress  approved  July  1,  11*02,  entitled  "An  act  to 
regulate  the  sale  of  viruses,  serums,  toxins,  and  analogous  products  in 
the  District  of  Columbia,  to  regulate  interstate  conunerce  in  said  arti- 
cles, and  for  other  purposes,"  and  the  regulations  framed  thereunder, 
approved  February  '21,  19(>3,  imposed  upon  the  Director  of  the  Hygi- 
enic Laboratory  the  dut}-  of  examining  vaccines  and  antitoxins  for 
purity  and  potency. 

Accordingly  purchases  arc  made  for  the  Hygienic  La])oratorv  from 
time  to  time  on  the  open  market  by  officers  of  the  Public  Health  and 
Marine-Hospital  Service  stationed  in  various  parts  of  the  country. 
The  antitoxin  is  always  bought  from  reliable  druggists  who  keep  the 
product  under  proper  conditions  of  light,  temperature,  etc.  Several 
grades  of  diphtheria  antitoxin  made  by  each  licensed  manufacturer 
are  bought  and  sent  to  the  Hygienic  Laboratory  l\v  mail  for  the  pur- 
poses of  these  tests. 

The  serums  are  tested  not  only  for  potency',  but  also  to  determine 
their  freedom  from  contamination  by  foreign  bacteria,  and  finally  to 
insure  the  absence  of  chemical  poisons,  especialh'  tetanus  toxin.  Note 
is  made  of  the  ph5'sical  appearance  of  the  serum,  and  tests  are  made 
to  determine  whether  an  excessive  amount  of  preservative  has  been 
added. 

A  careful  memorandum  is  made  of  the  facts  given  by  the  manu- 
facturer, as  stated  upon  the  la))el,as  to  the  number  of  units  contained 
in  the  package,  and  the  date  l^eyond  which  the  contents  can  not  be 
expected  beyond  a  reasonable  doubt  to  yield  a  specific  result.  Note  is 
also  made  of  the  manufacturer's  compliance  with  the  law  requiring 
that  the  product  be  plainly  marked  with  the  name  of  the  article,  and 
the  name,  address,  and  license  number  of  the  manufacturer. 

Delinquencies  that  occasionally  come  to  light  in  these  examinations 
are  at  once  reported  to  the  Surgeon-General,  U.  S.  Pul)lic  Health  and 
Marine-Hospital  Service,  who  takes  the  necessary  steps  reciuiring  the 
immediate  withdrawal  of  the  particular  lot  of  serum  from  the  market 
and  institutes  measures  to  prevent  a  repetition  of  similar  errors. 

In  examining  the  unit  strength  of  antitoxin  sold  by  licensed  niami- 
factures  the  first  step  is  to  measure  carefully  the  ([uantity  of  fluid 
contained  in  the  syringe,  bottle,  or  special  container,  whatever  it  may 
be.     For  this  purpose  the  serum  is  emptied  into  a  cylindiM-  that  has 
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been  standardized  by  the  Bureau  of  Standards  in  which  the  total 
amount  of  the  serum  ma^^  he  aceuratel}'  read  to  the  fractional  part  of 
a  cubic  centimeter. 

From  0.5  to  1  c.  c.  of  each  lot  of  serum  is  planted  into  a  large  amount 
of  bouillon  in  order  to  dilute  the  preservative.  This  is  incubated  at 
body  temperature  and  any  growth  that  may  appear  is  determined  by 
the  usual  bacteriological  methods. 

The  number  of  units  that  the  serum  contains  is  then  estimated  by 
the  following  procedure: 

If  a  syringe  contains  4  c.  c.  of  serum  and  is  labeled  1,000  units  it 
must  of  course  have  at  least  2.50  units  to  each  cubic  centimeter.  We 
would  then  test  such  a  sample  upon  four  or  live  guinea  pigs  to  see 
whether  its  unit  strength  is  above  or  below  the  value  claimed  for  it. 
If  the  strength  of  the  serum  is  10  per  cent  below  that  claimed,  a  special 
report  is  made  to  the  Surgeon-General  to  this  etJect.  the  manufacturer 
is  notified  that  all  the  serum  bearing  this  laboratory  number  must  be 
withdrawn  from  the  market,  and  the  matter  is  investigated. 

The  tests  to  determine  the  strength  of  conmiercial  serums  sold  upon 
the  open  market  are  made  against  a  toxine  that  has  been  verj^  carefully 
tested  to  determine  its  exact  L+  dose.  Controls  at  the  same  time  are 
always  made  against  both  Ehrlich's  normal  serum  and  the  official 
standard  serum  made  in  this  laborator3\  In  case  of  doubt  or  contra- 
dictory results  the  work  is  always  repeated,  making  the  second  tests 
against  the  L+  doses  of  two  toxines. 

As  weak  serums  are  of  doubtful  therapeutic  value,  we  do  not  favor 
the  sale  of  diphtheria  antitoxic  serum  containing  less  than  250  units 
per  c.  c.  If  a  serum  bought  on  the  market  contains  less  than  200 
units  per  c.  c,  the  fact  is  reported  to  the  Surgeon-General,  who 
requests  its  withdrawal  from  sale  and  a  discontinuance  of  the  practice. 

To  determine  that  an  excessive  amount  of  preservative  belonging  to 
the  phenol  group  has  not  been  added,  the  following  tests,  modified 
from  similar  tests  suggested  by  Ehrlich,  are  employed: 

Jt  has  been  found  that  0.5  c.  c.  of  a  0.5  per  cent  solution  of  phenol 
will  kill  a  modiuin-sized  mouse  if  injected  subcntaneously.  The  quan- 
tity of  phenol  contained  in  0.5  c.  c.  of  such  a  solution  represents  0.0025 
gram.  It  requires  1  c.  c.  of  a  0.5  per  cent  solution  of  tricresol  to  pro- 
duce the  same  result.  One  c.  c.  of  a  0.5  per  cent  solution  contains 
0.(»05  c.  c.  of  tricresol.  The  above  facts  have  been  experimentally 
coniirmed  in  this  laborator3^ 

As  pluMioI  is  not  us(k1  as  a  preservative  in  this  country  for  diph- 
theria antitoxic  sci-uins,  pi'(>f(M-ence  being  given  by  manufacturei's  to 
tricresol,  \vc  inoculate  mice  subcntaneously  with  1  c.  c.  of  their  serum. 
Mice  so  inoculated  soinetinies  show  trembling  and  other  manifesta- 
tions of  trici'esol  poisoning,  wliich  shows  that  the  serums  contain  ver}' 
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nearly  this  percentaj^e  of  tricresol.  As  the  serums  iDracticall^'  never 
contain  an  excess  of  preservatives,  these  inoculations  into  mice  serve 
as  a  further  test  tor  tetanus  and  other  poisons. 

Finallv,  all  that  is  left  of  the  serum  is  injected  into  the  peritoneum 
of  a  guinea  pig  in  order  to  discover  the  presence  of  any  virulent  sub- 
stance of  a  bacterial  or  toxic  nature. 

These  tests  are  repeated  with  sufficient  frequency  to  establish  the 
fact  that  the  serums  made  l)v  each  licensed  manufacturer  sold  upon 
the  market  are  pure  and  potent. 

Tables  found  ver}^  useful  for  diluting  the  serum  in  making  these 
tests  follow: 

TABLE  FOR  DILUTING  SERUMS  100  TO  500  UNITS  PER  CUBIC 
CENTIMETER. 


First  dilution. 


Second  dilution. 
1  of  1st  dil.— 
+  9  =  1:100 
+10=1:110 
+11  =  1:120 
+12=1:130 
+  13  =  1:140 

+14  =  1:150 
+15=1:100 
+16=1:170 
+  17  =  1:180 
+  18  =  1:190 

+19  =  1:200 
+20  =  1:210 
+21  =  1:220 
+22=1:230 
+23  =  1:240 

+24=1:2.50 
+25  =  1:200 
+26  =  1:270 
+  27=1:280 
+28  =  1:290 


1+9  =  1:10     Ic.  c.=0.1 


Ic.  c.=0.01  orT^(r  = 
1  c.  c.=0.00999or  t1o  = 
1  c.  c.  =0.00833  or  t|^j  = 
1  c.  c.  =0.00769  or  t^o  = 
1  c.  c.=0.00714or  ilo  = 

1  c.  c.  =0.00666  or  Tio  = 
1  c.  c.  =0.00625  or  Tb  = 
1  c.  c.  =0.00588  or  ^^0  = 
1  c.  c.  =0.00555  or  ^^„  = 
1  c.  c.  =0.00526  or  tU  = 

Ic.c.  =0.005  or  jU  = 
1  c.  c.  =0.00476  or  ^1^  = 
1  c.  c.  =0.00454  or  2|o  = 
1  c.  c.  =0.00434  or  ^\^^ 
1  c.  c.  =0.00416  or  2h  = 

1  c.  c.  =0.004  or  2|ir  = 
1  c.  c.  =0.00384  or  2Jn  = 
1  c.  c.  =0.0037  or5^tf  = 
1  r.  c.  =0.00357  or  2Ji,= 
1  c.  c.  =0.00345  or  3^0  = 


100  units  per  c.  c. 
110  units  per  c.  c. 
120  units  per  c.  c. 
130  units  per  c.  c. 
140  units  per  c.  c. 

150  units  per  c.  c. 
160  units  per  c.  c. 
170  units  per  c.  c. 
180  units  per  c.  c. 
190  units  per  c.  c. 

200  units  per  c.  c. 
210  units  per  c.  c. 
220  units  per  c.  c. 
230  units  per  c.  c. 
240  units  per  c.  c. 

250  units  per  c.  c. 
260  units  per  c.  c. 
270  units  per  c.  c. 
280  units  per  c.  c. 
290  units  per  c.  c. 
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TABLE  FOR  DILI  TIM;  SEIilMs  100    TO  500  UMTS  I'EJi   (UBKJ 
CEXTLMETER— Continued. 


Second  dilution — Coiitiiuied 

1  of  1st  dil.— 

+29  =  1:300 

Ic. 

c. 

=  0.00333  or  jU  = 

300  units  per  c. 

c. 

+30=1:310 

1  c. 

c. 

=  0.00322  or  ^\^  = 

310  units  per  c. 

('. 

+31  =  1:320 

1  c. 

c. 

=  0.(10312  or  5^0  = 

320  units  per  c. 

c. 

+32  =  1:330 

1  c. 

c. 

=  0.00303  or  ^|o  = 

330  units  per  c. 

c. 

+33  =  1:310 

1  c. 

c. 

=  0.00294  or  jio  = 

340  units  per  c. 

('. 

+31  =  1:350 

1  c. 

c. 

=  0.00285  or  ^io  = 

350  units  per  c. 

c. 

+35  =  1:3(50 

1  c. 

c. 

=  0.00277  or  3 1^  = 

360  units  per  c. 

c. 

+36  =  1:370 

1  c. 

c. 

=  0.0027    or  3^0  = 

370  units  per  c. 

c. 

+  37  =  1:380 

1  c. 

c. 

=  0.00263  or  5^^  = 

380  units  per  c. 

0. 

+38  =  1:390 

1  c. 

c. 

=  0.00256  or  ^^0  = 

390  units  per  c. 

c. 

+39  =  1:100 

1  c. 

c. 

=  0.0025    or  jio  = 

400  units  per  <,•. 

c. 

+40  =  1:110 

1  c. 

c. 

=  0.00244  or  jlo  = 

410  units  per  c. 

c. 

+41  =  1:120 

1  c. 

c. 

=  0.00238  or  ^\^  = 

420  nnits  per  0. 

c. 

+12  =  1:130 

1  c. 

c. 

=  0.00232  or  jJo  = 

430  units  per  c. 

c. 

+13  =  1:110 

Ic. 

c. 

=  0.00227  or  ^io  = 

440  units  per  c. 

c. 

+11  =  1:150 

1  C-. 

c. 

=  0.00222  or  ^\^  = 

450  units  per  c. 

e. 

+15  =  1:160 

1  c. 

c. 

=  0.00217  or  4^  = 

460  units  per  c. 

c. 

+46  =  1:170 

1  c. 

c. 

=  0.00213  or  T^^  = 

470  units  per  c. 

0. 

+47=1:480 

1  c. 

c. 

=  0.00208  or  4^0  = 

480  units  per  c. 

c. 

+48  =  1:490 

1   0. 

c. 

=  0.00204  or  ^J^  = 

490  units  per  c. 

e. 

+49  =  1:500 

1  c. 

c. 

=0.002      or  315  = 

500  units  per  c. 

f. 

TABLE   FOR    DILVTISd   SERUMS  200    TO   1,000    UNITS   PER    CUBIU 

CEXTLMETER. 


First  dilution. 


1  +  19=1:20     1  c.  c.=0.05. 


Second  dilution. 

1  of  1st  dil.— 

+  9  =  1:200 

lc.c.=  0.005      or 

3^1)  0 

+  10  =  1:220 

1  c.  c.  =0.00454  or 

1 
2  2  0 

+  11=1:240 

1  c.  c.  =0.00416  or 

zli) 

+12  =  1:260 

1  c.  c.=  0.00384  or 

A^ 

+  13  =  1:280 

1  c.  c.  =0.00357  or 

ziiT 

200  units  per  c.  c 
220  units  per  c.  c 
240  units  per  c  c 
260  units  per  c.  c 
280  units  per  c.  c 
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TABLE  FOR  DILUTING  SERVMS  200  TO  1,000  UNITS  PER  CUBIC 
CENTIMETER— Continued. 


iSec 

o)id  d'ditiion — Continued 

1  of  1st  dil.— 

+  14=1:300 

1  c. 

c. 

=  0.00333  or 

1 

7  0  0 

= 

300  units  per  c.  c. 

+  15  =  1:320 

1  c. 

c. 

=  0.00312  or 

1 

S2T) 

= 

320  units  per  c.  c. 

+  16  =  1:310 

1  c. 

c. 

=  0.00294  or 

710 

= 

340  units  per  c.  c. 

+  17  =  1:360 

1  c. 

c. 

=  0.00277  or 

1 
760 

— 

360  units  per  c.  c. 

+  18  =  1:380 

1  0. 

c. 

=  0.00263  or 

1 
3  80 

= 

380  units  per  c.  c. 

+  19  =  1:400 

Ic. 

c. 

=  0.0025    or 

1 
4  0  0 

:= 

400  units  per  c.  c. 

+20=1:420 

1  c. 

c. 

=  0.00238  or 

TJIT 

= 

420  units  per  c.  c. 

+21=1:440 

1  c. 

c. 

=  0.00227  or 

1 
4  4  0 

— 

440  units  per  c.  c. 

+22=1:460 

1  0. 

c. 

=  0.00217  or 

1 
4  B  0 

= 

460  units  per  c.  c. 

+23=1:480 

1  c. 

c. 

=  0.00208  or 

! 
4  80 

= 

480  units  per  c.  c. 

+  24=1:500 

1  c. 

c. 

=  0.002      or 

5¥T7 

= 

500  units  per  c.  c. 

+  25  =  1:520 

Ic. 

c. 

=  0.00192  or 

^20 

= 

520  units  per  c.  c. 

+  26  =  1:540 

1  c. 

c. 

=  0.00185  or 

1 

540 

= 

540  units  per  c.  c. 

+27  =  1:560 

1  c. 

c. 

=  0.00182  or 

sro 

= 

560  units  per  c.  c. 

+  28  =  1:580 

1  c. 

c. 

=  0.00172  or 

580 

= 

580  units  per  c.  c. 

+29  =  1:600 

Ic. 

c. 

=  0.00166  or 

^^0 

^ 

600  units  per  o.  c. 

+30  =  1:620    . 

Ic. 

c. 

=  0.00161  or 

6J7 

= 

620  units  per  o.  c. 

+31  =  1:640 

1  c. 

e. 

=  0.00156  or 

ff40 

= 

640  units  per  c.  c. 

+  32=1:660 

1  c. 

c. 

=  0.00151  or 

F^ir 

= 

660  units  per  c.  c. 

+33  =  1:680 

1  c. 

c. 

=  0.00147  or 

sio 

— 

680  units  per  c.  c. 

+  34=1:700 

1  c. 

c. 

=  0.00143  or 

1 
Too 

^z: 

700  units  per  c.  c. 

+35  =  1:720 

1  c. 

c. 

=  0.00139  or 

^\^ 

= 

720  units  per  c.  c. 

+36=1:740 

1  c. 

c. 

=  0.00135  or 

1 

740 

= 

740  units  per  c.  c. 

+37=1:760 

1  c. 

c. 

=  0.00131  or 

TO 

= 

760  units  per  c.  c. 

+  38  =  1:780 

1  c. 

c. 

=  0.00128  or 

tIo 

= 

780  units  per  c.  c. 

+39  =  1:800 

Ic. 

c. 

=  0.00125  or 

SOO 

= 

800  units  per  c.  c. 

+40  =  1:S20 

1  c. 

c. 

=  0.00122  or 

1 

8  50 

= 

820  units  per  c.  c. 

+  41  =  1:840 

1  c. 

c. 

=  0.00119  or 

1 
84  0 

= 

840  units  i)er  c.  c. 

+42=1:860 

1  c. 

c. 

=  0.00116  or 

8(50 

= 

860  luiits  per  c.  c. 

+43  =  1:880 

1  c. 

c. 

=  0.00113  or 

9  So 

= 

88<»  units  per  c.  c. 

+44  =  1 :!»()() 

1  c. 

('. 

^  o.oolll  or 

?()0 

= 

90(»  units  per  c.  c. 

+45-1:92(1 

1   c. 

c. 

=  0.00109  or 

?^2iT 

= 

920  units  per  c.  c. 

+46  =  1:940 

Ic. 

c. 

=  0.00106  or 

5?o 

= 

940  units  per  c.  c. 

+47  =  1:960 

1   c. 

c. 

-  (1.00104  or 

1 
&  fi  IT 

= 

960  units  per  c.  c. 

+48  =  l:9,s() 

1   c. 

c. 

(t. 00102  or 

0  8  fl 

= 

980  units  per  c.  c. 

+49=1:1,(M)() 

1  c. 

c. 

=  0.001      or 

1 
1  0  1)  0 

1 

,000  units  per  o.  c. 

SERUM   ANTIDIPHTHERICUM    IN    THE   PHARMACOPCEIA. 

The  next  edition  of  the  United  States  Phjirmacopfeia,  beinj;:  the 
eighth  decennial  revision,  1900,  which  is  to  appear  shortly,  will  con- 
tain an  antitoxic  serum  for  the  first  time.  The  serum  will  be  known 
ofticially  as  antidiphtheric  serum  or  Serutu  ani!illj>lifh(  rlcinit  and  tlie 
unit  will  he  recoonized  as  that  approved  or  established  by  the  United 
States  Public  Health  and  Marine-Hospital  Service. 

The  official  text,  whii-h  has  bciMi  kindly  furnished  by  Professor 
Remington  in  advance,  will  be  as  follows: 

SERUM    ANTIDIPHTHERICUM 

ANTIDUniTHKRIf    SEKIM  DIPHTHKKIA    ANTITOXIN 

A  fluid  separated  from  the  coagulated  l)lood  of  a  horse  Kijuus  eahal- 
h(s  Linne,  immunized  through  the  inoculation  of  diphtheric  toxin. 
It  should  be  kept  in  sealed  glass  containers,  in  a  dark  place,  at  tem- 
peratures between  \.h^  and  15    C  (40"^  and  59^  F.). 

A  yellowish  or  yellowish-brown,  transparent  or  slightly  turliid 
liquid,  odorless  or  having  a  slight  odor,  due  to  the  presence  of  the 
antiseptic  used  as  a  preservative. 

Specific  gravity:  1.025  to  1.040  at  25    C.  (77-  F.). 

Antidiphtheric  Serum  gnidually  loses  its  power,  the  loss  in  one 
year  varying  between  10  pei'  cent,  and  30  ])er  cent.  Each  con- 
tainer shovdd  be  furnishtMl  with  a  lal)el  or  statement,  giving  the 
strength  of  the  Antidiphtheric  Serum,  expressed  in  antitoxic  units, 
the  name  and  percentage  by  volume;  of  the  antiseptic  used  for  the 
preservation  of  the  liipiid  (if  such  be  used),  the  date  when  the 
Antidiphtheric  Serum  was  last  tested,  and  the  date  beyond  which 
it  will  not  have  the  strength  indicated  on  the  label  or  statement. 

The  standard  of  strength,  expressed  in  units  of  antitoxic  power, 
should  be  that  appioved  or  established  l)y  the  United  States  Pul)- 
lic  Health  and  Marine-Hospital  Service. 

Average  dose.— '^00^  units. 

Immunizing  dose  for  well  |)ersoiis.  — 5()()  units. 

The  only  other  pharmacopceia  officially  recognizing  diphtheria  anti- 
toxin is  the  Arzneit)uch  fiir  das  Deutsche  Reich  (Pharmaco])(i'a  (Jer- 
manica),  fourth  edition,  I'.'oo.  The  following  is  a  traii'^Iation  of  the 
German  text: 

SERUM  ANTIDirilTHERICUM  — i)ii'irnii;i;iK-iiKii.sr.i;i  M. 

The  blood  serum  of  horses  which  have  been  inuiiuni/.ed  agaiir-t  the 
diphtheria  poison.     It  is  allowed  to  be  sold   in  eonmierce   l)y  author- 
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ized  manufacturers  oul}'  after  it  has  been  tested  by  the  Koniglich 
preussische  Institut  fiir  experimentelle  Therapie  zu  Frankfurt  a.  M. 
These  tests  include  the  streng-th  of  the  serum  in  inmiunity  units 
(Immunisirung-seinheiten  =  I.  E.),  the  freedom  from  })acteria,  and  the 
percentages  of  substances  (phenol  or  trikresol),  which  have  been 
added  as  preservatives. 

It  is  offered  for  sale  in  both  the  liquid  and  solid  forms. 

Liquid  and  solid  antidiphtheric  serum  are  purveyed  only  in  bottles 
which  are  officially  sealed.  Upon  the  label  is  stated  the  place  of  manu- 
facture, the  antitoxic  value  of  one  cubic  centimeter,  and  the  total  con- 
tents of  the  bottle;  also  the  control  number  and  the  date  on  which  the 
official  control  svas  exercised.  These  bottles  are  placed  in  light-proof 
packages  containing  the  same  label;  the  lead  seals  show  an  eagle  or  a 
lion  on  the  obverse  and  the  total  luunber  of  immunity  units  (I.  E.) 
contained  in  the  bottle  on  the  reverse. 

The  liquid  antidiphtheric  serum  is  a  yellow,  clear  fluid  having  at 
most  a  ver}"  slight  precipitate;  it  has  the  odor  of  the  preservative  used. 
It  is  put  up  in  bottles  of  various  form  and  color,  the  contents  of  which 
contain  from  100  to  3,000  I.  E.  The  bottles  most  frequently  used  are 
those  containing: 

No.      0=    200  1.  E. 

No.      1=     600  I.  E.  (or  500  1.  E.) 

No.    11=1,000  1.  E. 

No.  111  =  1,500  1.  E. 

Antidiphtheric  serum  which  contains  more  than  ;5<>0  I.  E.  in  1  c.  c. 
is  considered  a  high  grade  serum. 

The  solid  antidiphtheric  serum  is  a  dried  serum  of  high  grade,  and 
contains  at  least  5,000  I.  E.  in  1  gram.  It  contains  no  antiseptic  or 
other  added  substance.  It  appears  as  a  3'ello  wish -white  powder,  solu- 
ble in  ten  parts  of  water,  giving  a  solution  which,  in  color  and  appear- 
ance, resembles  the  corresponding  licjuid  antidiphtheric  serum. 

Single  doses  of  from  250  to  1,000  1.  E.,  and  containing  2  to  6  c.  c, 
are  placed  in  white  glass-stoppered  })ottles.  The  solution  should  be 
made  with  sterile  water  in  the  original  bottle,  using  1  c.  c.  for  each 
250  1.  E.,  and  should  be  prepared  fresh  each  time.  The  solution 
should  be  clear  except  for  little  albuminous  particles,  and  should  be 
used  from  the  original  bottle. 

Serum  with  a  marked  permanent  cloudiness  or  an  al)uiulant  precipi- 
tate is  not  allowcKl  to  l)e  dis|)ensed  by  the  apothecaries;  also  serums 
with  ('(Mtain  control  numbers  which  have  been  recalled. 

TO    UK    KKl'T    IN    A    COOL    I'l.ACH    AND    rUOTKCTED    FROM    THE    LKJIIT. 


THE    OFFICIAL    METHODS    USED    IN    GERMANY    FOR    TESTING 
DIPHTHERIA  TOXINE  AND  ANTITOXIN. 

The  German  methods  which  follow  have  been  taken  larjrely  from 
E.  Marx:  Die  Exi)erimenteile  Diatrnostik  Serumtherapie  und  Prophy- 
laxe  der  Infection.skrankheiten,  1902. 

In  Germany  the  governmental  control  of  diphtheritic  serum  is 
effected  throuj^h  the  imperial  act  of  December  31,  1894,  which  for- 
bids unrestricted  commerce  in  diphtheritic  serum.  The  sale  and  traffic 
in  diphtheritic  serum  is  controlled  by  the  Konigliches  Institut  fiir 
experimc?itelle  Therapic  zu  Frankfurt  a.  M.,  which  is  designated  as 
the  official  place  of  examination  for  the  Empire.  Apothecaries  are 
allowed  to  deal  only  in  sera  which  are  thus  controlled. 

This  control  naturally  begins  at  the  place  of  manufacture  and  con- 
sists of  an  inspection  to  assure  the  use  of  none  but  healthy  horses  in 
the  production  of  serum.  Official  regulations  are  prescribed  concern- 
ing the  animals,  the  injection  of  toxines,  and  the  drawing  of  blood 
from  horses. 

When  a  manufacturer  has  several  liters  (3  to  10)  of  tested  serum 
this  quantity  is  brought  to  the  Government  officer  (known  as  the 
Abnahmebeamte)  at  the  place  of  its  manufacture.  At  the  same  time 
exact  data  upon  the  histor\^  of  the  particular  serum  must  be  given. 
The  Abnahmebeamte  takes  a  small  quantity  of  the  serum,  places  3  to 
5  c.  c.  in  each  of  six  or  eight  bottles,  which  he  guards  with  a  lead  .seal, 
and,  attaching  the  neces.sarv  labels,  sends  the  bottles  to  the  testing 
station  at  Frankfurt  a.  M.  The  serum  that  remains  at  the  factory  is 
placed  by  the  Abnahmebeamte  under  official  lock  and  key  until  he 
receives  the  results  of  the  tests. 

The  official  testing  of  diphtheria  antitoxin  was  started  in  Germany 
at  the  In.stitut  fiir  Infectionskrankheiten,  of  Berlin,  February  20, 
1895.« 

A  serum  is  tested — 

(a)  To  see  that  it  is  harmless,  and 

(b)  For  its  antitoxic  value. 

1.  It  uuist  l)e  clear  or,  at  most,  have  a  very  slight  precipitate. 

2.  It  must  be  free  from  bacteriac,  as  tested  by  bacteriological 

methods. 

3.  It  nuist  not  contain  more  than  0.5  per  cent  of  carbolic  acid 

or  cresol. 


aEhrlich:  Die  staatliche  controle  dcs  diphtherieseruins.     Ber.  kliii.  woch.,  v.  33 
(20),  May  18,  1896,  pp.  441-143. 

22277--NO.  21—05 (i  (81) 


82 

The  institute  for  testing  the  .serum  does  not  determine  in  its  official 
tests  the  exact  antitoxic  value  of  sera  sent  it,  but  determines  by 
means  of  the  LH-  dose  of  the  test  poison  whether  the  serum  contains 
at  least  the  value  claimed  for  it  by  the  manufacturer.  The  testing 
for  the  sterility  of  the  sera  is  done  in  accordance  with  well  known 
bacteriologic  rules,  by  making  aerobic  and  anaerobic  agar  and  ))ouillon 
cultures. 

In  order  to  determine  the  amount  of  disinfectants  added  to  the  serum 
white  mice  are  used.  They  are  inoculated  subcutaneousl}'^  with  U.5 
c.  c.  of  the  serum.  Solutions  of  carbolic  acid  containing  more  than 
»».5  per  cent  unerringl}'  cause,  in  this  amount,  the  death  of  the  animal. 
Finally,  guinea  pigs  are  inoculated  with  10  c.  c.  of  the  serum,  and 
the}'  must  remain  well. 

If  the  serum  has  complied  with  all  the  official  tests,  it  is  considered 
reliable,  and,  after  due  notification  of  the  fact,  it  is  immediately 
bottled  in  the  presence  of  the  local  official.  It  is  the  duty  of  this  officer 
to  seal  each  l)ottle  with  his  lead  seal.  His  control  is  a  guaranty  of  the 
procedure  of  this  part  of  the  process,  and  he  is  responsible  for  the 
proper  labeling  of  the  bottles  that  are  sold  on  the  market. 

A  further  control  is  carried  out  in  this  way:  Of  every  test  numlier 
in  the  testing  institute  six  and  twenty-four  months  afterwards  the 
serum  is  again  tested  to  determine  whether  it  contains  the  stated  value 
and  has  not  lost  strength.  Also,  a  numljcr  of  hospitals  are  commis- 
sioned, from  time  to  time,  as  the}'  use  the  bottles  of  serum,  to  test 
them  for  sterility.  Sera  that  lose  strength  or  show  bacterial  contami- 
nation are  withdrawn  from  the  market. 

From  experience  gained  in  his  work,  Ehrlich  suggested  the  following 
sinicndnients  to  the  instructions  for  the  testing  of  diphtheria  antitoxin, 
which  were  officially  i)romulgated  by  the  minister  of  education,  etc., 
on  March  2!».  1S!»T: 

1.  A  powdci'cd  serum  i)rotected  against  moisture  and  oxygen  serves 
as  tlu^  measure  l)v  which  the  strengths  of  other  serums  are  determined. 
This  })()\vdered  sinum  is  preserved  in  exactly  weighed  (piantities  in 
special  vacuum  tiit»es.  At  this  tinu>  in  the  I nstitut  the  tubes  contain 
"J  giams  etu'h  of  the  dry  powdered  antitoxin,  ^^'hicll  havi^  the  value  of 
1,T00  times  normal  strength  (1,T(K)  facher  Starke). 

2.  The  serum  is  dissoh-cd  in  a  mixture  of  ecpial  })arts  of  a  10  per 
cent  solution  of  sodium  chlorid  and  glycerin,  this  mixture  favoring 
the  stability  of  the  antitoxin.  Kvery  three  months  a  tube  is  opened 
and  a  new^  solution  made.  At  present  the  contents  of  the  tubes  pre- 
served in  the  Institut  are  dissolved  in  200  c.  c.  of  the  above-mentioned 
mixture,  which  gives  a  test  serum  contsiining  17  units  in  eacii  cubic 
centimeter. 

3.  The  present  test  dose  of  toxin   is  dcterjuincd   by   means  of  an 
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ininiunity  unit  whicli  is  coiiliiiiiod  in  1  c.  c.  of  the  tost  sorjiiii  nion- 
tioned  in  ptiraoniph  2,  dilutiHl  IT  times.  This  quantity  (I  c.  c.)  of 
serum  is  mixed  with  increasin*^-  aiiioiiiits  of  the  diphtheria  poison,  and 
the  mixture  inocuhited  into  a  series  of  animals,  in  order  to  detciinine 
with  the  jrreatcst  possible  aeeuraey  the  least  amount  suUicient  to  eause 
the  death  of  the  animals  in  the  tirst  four  days.  This  quantity  of  the 
diphtheria  poison  is  then  taken  as  the  (juantity  to  be  used  foi'  the 
pi'esent  test  dose.  Varying;-  quantities  of  toxin  are  a^ain  added  to  the 
same  quantity  of  serum  (viz,  1  unit)  in  order  to  determine  a  second 
1  niit,  namel}',  that  quantity  of  diphtheria  poison  which  nuist  be  added 
to  the  serum  in  order  that  the  poison  will  l)e  exactly  neutralized  as 
indicated  by  inoculating-  the  mixture  into  guinea  pij^s. 

■1.  The  estimation  of  the  strength  of  a  diphtheria  antitoxin  is  accom- 
plished by  means  of  a  test  dose  of  the  poison  (sec  paragraph  3)  in  this 
way:  The  particular  test  dose — for  example,  0.355  c.  c. — which  is  the 
present  test  dose  of  the  toxin  determined  at  the  Institut,  is  added  to 
or  mixed  with  i  c.  c.  of  a  mixture  containing  one  unit  of  the  above- 
mentioned  serum. 

As  the  test  dose  of  the  poison  is  determined  against  1  c.  c.  of  a  nor- 
mal serum,  or  against  4  c.  c.  of  a  one-fourth  normal  serum,  conse- 
quentl}^  in  testing  a  serum  of  (supposed)  x  strength  the  test  dose  of 
poison  is  added  to  -t  c.  c  of  a  ^^  dilution  of  that  scrum,  or  against 

4  c.  c.  of  a  j^-Q  dilution  of  a  serum  of  (supposed)  one  hundred  times 
normal  strength. 

5.  The  mixture  obtained  is  injected  subcutaneously  into  guinea  i)igs 
weighing  250  to  2.S0  grams.  If  the  animals  tested  by  two  members  of 
the  Institut  die  within  the  tirst  four  days,  then  that  particular  s(Mum 
does  not  contain  the  strength  claimed  for  it.  If  the  animals  die  within 
the  tifth  or  sixth  day,  then  the  serum  is  exactly  on  the  limits  of  admis- 
sibility, and  in  order  to  prevent  the  necessity  of  soon  recalling  the 
serum  from  the  market  it  is  reconunended  to  the  manufacturei-  to  add 

5  to  10  per  cent.  Indurations  that  appear  in  the  test  animals  are  not 
taken  into  consideration  in  this  test. 

An  autops}'  is  performed  uinm  animals  tliatdie,  todetermine  whetlun- 
complicating  diseases  are  present,  such  as  tnlx-nulosis,  pseudotulu-r- 
culosis,  or  pneumonia,  which  may  have  rendered  the  animals  more 
susceptible. 

6.  Either  the  liquid  or  solid  ])oison  may  be  used  for  testing  as  long 
as  the  two  limits  defined  in  paragraph  8  have  been  properly  determined 
and  the  difference  between  th(>  two  limits  does  not  exceed  ir)XMLl). 
Liquid  poisons  preserved  with  toluol  nnist  be  used  oidy  under  the  fol- 
lowing conditions: 

(1)  If  after  ])rolonged  examination  it  is  known  that  t  he  stability  of 
the  test  dose  is  constant  and  (2)  when  the  test  dos(>  (U)es  not  vxrvrd 
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1  c.  c.     The  observations  on  the  (juulit3'  of  the  test  dose  follow  in  the 
succeeding  paragraphs.** 

7.  The  test  poisons  are,  when  liquid,  to  be  examined  at  least  once  a 
month  upon  culture  media  for  sterility. 

8.  The  test  dose  of  poison  is  to  be  redetermined  every  six  weeks  by 
means  of  the  test  dose  of  serum  in  such  a  wa}'  that  both  the  test  dose 
of  the  poison  and  its  neutralizing  point  may  be  determined  anew.  If 
in  these  redeterminations  a  considerable  weakening  of  the  test  dose 
develops,  then  the  poison  must  be  considered  as  being  in  dissolution 
and  should  l)e  rejjlaced  b}'  a  new  one. 

9.  The  attention  of  manufacturers  must  be  brought  to  the  fact  that 
the  test  poison  in  small  quantities  is  very  apt  to  decompose;  particu- 
larly a  very  short  exposure  to  light  will  cause  an  appreciable  weaken- 
ing. It  is  therefore  recommended  that  they  obtain  every  three  weeks 
a  new  poison  from  the  Ins-titut. 

^According  to  my  observations,  to  carry  out  the  test  with  exactness  it  is  not  nec- 
essary for  the  test  dose  to  contain  a  maxiniuni  amount  of  poisonous  affinities.  From 
the  viewpoint  of  techniijue,  old  weakened  poisons  preserved  with  toluol  are  pre- 
ferred, because  after  the  weakening  has  taken  place  they  will  preserve  their  value 
for  years. 
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